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ABSTRACT 

The issue of whether or not differences in working 
memory capacity can account for differences in reading 
achievement was investigated in the present study. 
Specifically, the role played by item identification and 
item order in performance on Memory Span and reading 
achievement was compared in groups of normal and disabled 
Grade 4 readers. 

Two experiments were carried out. In Experiment i, the 
question of whether or not item identification and item 
order are common to performance on memory span and reading 
was studied across two types of stimuli--digits and words. 
The results of Experiment 1 indicated that word span was 
qualitatively different for the two groups and that this 
difference may have arisen as a result of the presentation 
rate of one word per second on the span task being too fast 
for disabled readers to execute the performance requirements 
on this task. Experiment 2 was conducted to test whether the 
inter-group difference in word span could be eliminated if a 
slower presentation rate was used. 

Two groups of subjects were used in both experiments. 
Group 1 consisted of forty Grade 4 readers who read at their 
grade-appropriate level. Forty Grade 4 readers who were 
approximately two years behind their grade-appropriate level 
in reading were included in Group 2. All subjects were 
within the average range of the non-verbal intelligence 


quotient of the Canadian Cognitive Abilities Test. 
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It was shown from the data obtained that word span was 
qualitatively different for the two reading groups. Both the 
speed of word identification and word order were related to 
word span in the disabled group while only word order was 
related to word span in the normal group. Digit span was 
only quantitatively different for the two groups and was 
defined by performance on digit order. It was also found 
that item identification time for both digits and words was 
negatively related to reading achievement in the disabled 
group. Performances on both word order and word span were 
related to reading achievement in the normal group. 

The discrepant patterns obtained in the relationships 
between word identification, word span and reading 
achievement for the two groups were interpreted in terms of 
different methods of attacking words during identification. 
It was argued that while the normal group was using a 
visualisation strategy (identifying the word as a unit) to 
identify words, the disabled group -was using a symbol-sound 
approach to do so. It was further suggested that these 
different methods may reflect the use or non-use of 
automatic processing in identification. 

The relationships obtained between order and span and 
reading achievement were also discussed and it was suggested 
that the discrepancies obtained may have occurred because 
the measure of order used was methodologically flawed. An 


alternative measure of order was suggested. 
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I. INTRODUCTION 

Within the information processing literature, the issue 
of whether or not differences in working memory capacity can 
account for differences in reading achievement has been the 
focus of recent investigations (e.g. Daneman & Carpenter, 
1980). Memory span tasks (tasks which require the recall of 
lists of stimuli in the order in which they are presented) 
are often used to index this capacity (e.g. Daneman & 
Carpenter, 1980). Hence, one research strategy commonly 
employed is to relate performance on memory span tasks to 
reading achievement as measured by psychometric tests. A 
major conclusion of this research is that individual 
differences in working memory capacity account for 
individual differences in reading achievement. 

The present study is intended to extend and clarify 
this research using as a framework the working memory made] 
proposed by Baddeley and Hitch (1974). While short-term 
memory has been traditionally viewed as a passive storage 
buffer (Atkinson & Shiffrin, 1968), working memory as it is 
conceptualized within this model, is viewed as an active 
part of the human information processing system (Baddeley & 
Hitch, 1974). It is a limited capacity system (one which has 
a fixed amount of attentional resources) which comprises of 
processing and storage functions. This system is made up of 
two parts, a central executive component which is 
responsible for processing activities and a phonemic buffer 


whose concern is the storage of the products of processing. 
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Activities of the central executive component include the 
setting up of appropriate rehearsal routines such as the 
loading up of the phonemic buffer and the retrieval of 
information from the buffer when necessary. The phonemic 
buffer is relatively passive and makes few demands on the 
central executive component as long as its capacity is not 
exceeded. When the capacity of the phonemic buffer is 
exceeded, the central executive component may become 
involved in storage activities such as the recoding of 
information held in the buffer so that proper maintenance of 
this information can take place. If this is not done, then 
the information in the buffer is subject to loss due to 
decay over time or displacement by new information. 

Both processing and storage functions share the same 
limited capacity. Thus the faster processing activities are 
carried out, the more capacity can be devoted to storage. 
However, a Slower speed of processing would result in little 
resources left over for storage and maintenance of processed 
information. But the division of resources is not entirely 
flexible. It is assumed in this model that a fixed amount of 
capacity is assigned to storage functions with the remaining 
capacity being flexible. That is, resources are assigned to 
processing and storage functions depending on how fast 
processing can be carried out. 

Baddeley and Hitch (1974) provided early evidence that 
working memory capacity has a span-1like component. They 


studied the performances of adult subjects on reasoning, 
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comprehension and free recall tasks. Three conditions were 
used. In the first condition, performances were studied with 
no concurrent memory load. In the second and third 
conditions, performances on these tasks were studied when 
subjects were required to perform a concurrent memory task, 
that is, subjects were required to remember a series of 
three and six digits respectively throughout performance on 
the tasks. It was found that only a concurrent memory load 
of six digits decreased performance considerably when 
compared to performance in the first condition. This was 
interpreted in terms of working memory being span-like in 
nature. That is, a suppression in performance was brought 
about by subjects having to hold a series of six digits 
(similar to the requirements of the span task). 

As a result of such research, the memory span task has 
been used as an indicator of working memory capacity. 
According to Baddeley and Hitch (1974), information 
presented on the memory span task is processed in the 
central executive where it is transformed into a speech-1ike 
code. It is then stored in this speech-like form in the 
buffer until recall. During recall, the central.executive 
retrieves information from the phonemic buffer. If 
processing is executed rapidly, then more capacity is left 
for storage and maintenance of the products of processing 
and this would result in a high degree of accuracy during 
recall. However, the slow execution of processing results in 


low accuracy during recall. Thus a fast speed of processing 
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is functionally equivalent to a larger storage capacity. 

The trade-off between storage and processing activities 
has also been used to explain differences in reading 
achievement. For example, Daneman and Carpenter (1980) 
investigated the hypothesis that individual differences in 
working memory capacity can account for individual 
differences in reading achievement amongst college students. 
They reasoned that slow processing of information on a 
reading comprehension task results in little time left for 
storage of products until recall of information is required. 
That is, the good reader may spend less time than the poor 
reader in the various stages of reading such as decoding, 
lexical access, parsing, inferencing and integrating, and 
therefore more capacity is available for storing the 
intermediate and final products of reading. Thus, the good 
reader may have more capacity to devote to the incorporation 
of currently processed information into representations of 
previously processed information. The recoding of processed 
information will enhance the quality of representation and 
will lead to better performance during recall on the 
comprehension task. 

Given this framework, it can be hypothesized that the 
speed of processing is a determinant of span performance and 
reading achievement. This common factor would explain the 
finding that span performance is related to reading 
achievement (Torgesen, 1978-1979) and that span performance 


discriminates good and poor readers (Torgesen, 1978-1979). 


rts SoriRMIa 2444 nage. “te liatar a ats 


silt hei GX bivew 1a36F,, reivins Say 
» 6) katate 
45/ an nage an origi SVs is 2 


NS ae pian ie 
x | 


U 


aot 


7, bafabsin ai Ripa ner 


‘ 4 ap Dw, ars | 
n p “J Dy ‘i j ri _ vu ‘ame 
bi a 
- Wi 7 } ay ae ; ar ire) 7 m a) - 
. . rm, on a" 
- Ts ‘ = . wah ] ts “6s & a trisha J To i at 
F me) ; fh a | | 
| | ; ? i Ut 
Zz “ 3 jw oy if Pon" ot y ane MS My Th at} atom + “ i 
r it eganane?? ‘a iti iat Hie ta tet ere 
4 (nearrE » yet ee NGS ate 
Ay .jatiheies | fred 
! Le) oe mace Pi ie ; Woy) 
ow >~ ho 
Cc és ae ) i ' t 
« ; ' ~ he; s - at : i % 
| ta v pe fof rare ' i) 
f Bm " ¢@ 
‘ 4 0 — J 4 
| c 1 woe te act ae wr) a 
PEA Grid ort ongigaet ¢ Dry die3 ae (ae 
Ty - #4 ° rl . ee) a} ih 
aj oo | RU8 we | ry Pe a a), aAncie ' bern 
. , Me : 4 H in| 
a} a na 7 J 4 hos a | { An 1, Non, v ieee 
: Ps iD a ts iT) ~~ a ‘ 4 j j | 
; | 
j ia fir ary gis awe oy Nis r" iain aD) 23 on ayia? vi ay 
ad ¥ g cid ary » ie ! 
' if jatos } iat ,' by 
BIG! 78 Nott. eee ‘palsemaatet ieaetaons! v3 
% ar 4 S fas iow all ia - Aina 
é. iy Te 5 : j a ‘ 7 
bea ai FO ircbeay ' ‘en ne ham? Aett ‘ese Baas ho wir aes nh ‘ 
“ : » OF é | A f 
’ in a Fin Ad re 
bra chisidedsages Ga Wd Mt Sup gen exinarina | | ial tl sini 
bw 7 Q a naa 
a3 | soe7 (Er haUb eRaantiet iad 164 uJ hawt "8 
o yh, 7 Ce= * : 
+ oie : f 
| Adan tte? engrien 
j * re 
ar) } Bris baxt <C aihroant ‘af: hin a 1owanieyT witty colt rice 


yess 


ents foo i mend 


a nese a 


vy is a 


ay 7 - 


The question thus arises as to what variables underlie the 
speed of processing. Four variables have been proposed -- 
temporal order perception, the application of mnemonic 
strategies, the speed of item identification and item order. 
These variables are discussed in detail in the next chapter. 
However, they are mentioned briefly in this chapter in order 
to develop the reasoning behind the present study. 

Temporal order perception refers to the perception of 
serial order information (Bakker & Schroots, 1981). Bakker 
(1972) has proposed that this variable may account for 
temporal order disturbances in reading. However, the tasks 
used to measure temporal order perception are similar to the 
memory span task in that performance on both tasks requires 
the recall of ordered information. Thus, the relationship 
between temporal order perception as it is typically 
measured and reading achievement is equivalent to the 
relationship between span and reading achievement. 

Traditionally, the efficiency with which strategies 
such as rehearsal (the iterative repetition of a series of 
stimuli) and chunking (the recoding of discrete stimuli into 
a single familiar unit) are applied was conceptualized as a 
major factor underlying span performance. However, this 
conceptualization has been disproved by recent 
investigations (Lyon, 1977; Torgesen & Houck, 1980). For 
example, Lyon manipulated the span task to eliminate 
conditions which were conducive to the application of 


rehearsal (fast rate of presentation of stimuli on span) and 
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found that individual differences in span per formance 
amongst college students were reduced but not eliminated. He 
(Lyon, 1978) tried another manipulation, chunking imposed by 
the experimenter, and demonstrated that even though al] 
subjects were induced to chunk digits in a similar manner, 
individual differences in span performance were not 
eliminated. Likewise, Torgesen and Houck (1980) found that 
performance differences on Digit Span between groups of 
normal subjects, learning disabled subjects and learning 
disabled subjects with short-term memory problems could not 
be eliminated with either the removal of rehearsal or the 
use of experimenter-imposed chunking. These findings are in 
accordance with the tenets of the working memory model since 
mnemonic strategies are generally applied when speech-1ike 
material is held in the phonemic buffer (material stored in 
the buffer is recycled so as to Keep it active) or when the 
capacity of the phonemic buffer is exceeded (recoding of 
material to reduce its length or complexity). 

Alternatively, the speed with which items are 
identified has been proposed as a variable which under lies 
span performance (Baddeley, Thomson & Buchanan,» 1975; 
Huttenlocher & Burke, 1976; Torgesen & Houck, 1980). It has 
been empirically demonstrated that this variable accounts 
for approximately 25 percent of variation in performance on 
the span task amongst college students (Baddeley et al., 
1975); dyslexic subjects (Spring & Capps, 1974) and learning 
disabled subjects (Torgesen & Houck, 1980). Independent 
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studies in the reading disability literature have also shown 
that the speed of item identification is related to reading 
achievement (see Stanovich, 1982 for a review). It would 
therefore seem that this variable may be common to both span 
and reading. 

Speed of item identification, however, only accounts 
for 25 percent of the variation on span performance. The 
question therefore arises as to what may account for the 
remaining variation. Another variable which has been 
proposed is item order, that is, memory for the order in 
which items are presented (Huttenlocher & Burke, 1976; 
Torgesen & Houck, 1980). Even though this proposition has 
not been tested, it is plausible from a logical analysis of 
the performance requirements of the span task. That is, 
performance on the span task requires not only the recall of 
the items but also the order in which these items are 
presented. Again, it has been empirically demonstrated that 
this variable is related to reading achievement (Mason, Katz 
& Wicklund, 1975) and that poor readers may be insensitive 
to order (see Singer, 1982a for a review). 

The purpose of the present study was to extend research 
related to the issue of whether or not individual 
differences in working memory capacity can account for 
differences in span performance and reading achievement. The 
specific concern of the study was to identify those 
variables that affect working memory capacity as it is 


indexed by span performance and reading achievement. It can 
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be surmised from the above that the variables most likely to 
be common to span and reading are the speed of item 
identification and item order. Even though some studies have 
shown that the speed of item identification is related to 
span performance (Baddeley, Thomson & Buchanan, 1975; 
Torgesen & Houck, 1980) and other studies have shown that it 
is related to reading achievement (see Stanovich, 1982 for a 
review), in none of these , both span and reading have been 
combined. Again, it has been proposed that item order may 
underlie span (Huttenlocher & Burke, 1976; Torgesen & Houck, 
1980) and that it is related to reading achievement (Mason 
et al.,1975). However, no study has shown that this variable 
is common to span and reading. Thus, the demonstration that 
memory for item order and the speed of item identification 
are common to span performance and reading achievement is 
novel. 

In order to achieve this objective, two groups of Grade 
4 readers, normal and disabled, were studied. These groups 
were selected since they represented two distinct levels of 
reading achievement. Thus the design enabled a comparison of 
the manner in which the two variables, the speed. of item 
identification and item order are related to individual 
differences in span and reading within two distinct 
populations as well as allowing for comparision between the 
populations. It was expected that normal readers would 
perform better than disabled readers on these tasks. 


However, it was anticipated that the patterns of 
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relationships between these variables would be the same for 
the two groups since this is most parsimonious with respect 
to the working memory model of Baddeley and Hitch (1974). 
That is, only quantitative differences between the groups 
are predicted by the working memory model. For example, on 
the span task slow speed of processing characteristic of 
disabled readers would result in lower accuracy of 
performance. On the other hand, a faster speed of processing 
would result in higher accuracy in recall on span. Again, in 
reading, the poor reader may go through more subprocessing 
stages involved in comprehension (decoding, lexical access, 
parsing, integrating) while the good reader may bypass some 
of these stages. Thus there maybe quantitative differences 
in the number of computational demands executed by good and 
poor readers. 

Alternatively, there is always the possibility that the 
patterns of relationships may be qualitatively different. If 
qualitative differences do exist, the probability of finding 
them is enhanced by the design of this study, because the 
two groups used are representative of very distinct levels 
of reading achievement. - 

A visual rather than an auditory span task was utilised 
to examine the relationships between the above variables, 
since the demands of a visual task are most compatible with 
the principles of the working memory model. According to 
Baddeley and Hitch (1974) visual information is entered into 


the central executive component where it is transformed into 
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speech-like codes for storage in the phonemic buffer until 
recall. If auditory information is used, this transformation 
stage is bypassed since information is already speech- like 
in nature (Baddeley et al., 1975). Again, visual 
presentation of items on a memory span task involves the 
same sensory modality as reading. The scores on visual and 
auditory span for subjects show almost perfect correlation, 
even though auditory span is usually higher (Daneman & 
Carpenter, 1980). Thus individual differences between 
reading and visual memory span should correlate to the same 
degree as if auditory memory span is substituted by visual. 
A selective review of the literature is presented in 
the next chapter which discusses the variables common to 
performance on span and reading. It includes the serial 
order and reading disability literatures and excludes a 
discussion of many components of span which have been 
investigated in the individual differences and developmenta] 
literature (see Dempster, 1981 for an exhaustive review). 
This is followed by a statement of the problem and the 
hypotheses studied. Next, the two experiments conducted are 
described. In the final chapter, a general discussion of the 


issues which have arisen from the research is presented. 
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IIT. REVIEW OF THE LITERATURE: VARIABLES COMMON TO SPAN AND 
READING 
As early as 1931, Saunders reported clinical 

observations which associated poor performance on span with 
difficulties in reading. Later, psychometric studies 
demonstrated that poor performance on the Digit Span subtest 
of the Wechsler Intelligence Scale for Children-Revised was 
a consistent characteristic of certain disabled readers 
(Torgesen, 1978-1979). The focus of recent investigations, 
as well as the present study, has been to identify those 
variables which are responsible for the poor performance of 
disabled readers on the Memory Span task (Bakker & Schroots, 
1981; Mason, Katz & Wicklund, 1975; Torgesen & Goldman, 
1977; Torgesen & Houck, 1980). Four variables-- temporal 
order perception, the use of mnemonic strategies, item 
identification speed and item order-- are hypothesized to 
under lie performance on span and reading. Each of these 
variables is discussed next in the context of extant 
research that links it to span performance and reading 


achievement. 


Temporal order perception 

Temporal order perception refers to the ability to 
perceive the temporal order in which information is 
presented (Bakker, 1972). It is distinct from item order in 
that while item order is usually measured by tasks which 


require the recognition of temporal order information (to be 
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discussed later), temporal order perception requires the 
recall of the sequence in which information is presented. 
That is, in the recognition paradigm, a series of items is 
presented at a fixed rate and the subject’s task is to 
reconstruct the the order of presentation from a randomly 
arranged set of identical items. In the recall paradigm, a 
series of items is also presented at a fixed rate. However, 
the subject’s task is not only to remember the order but 
also the identity of the items presented. 

Bakker (1970, 1972) has argued that the performance 
deficits on serial order tasks (such as span) demonstrated 
by disabled readers arise as a result of difficulties 
experienced by this group in the perception of temporal 
order information. Bakker and his colleagues (Bakker, 1970, 
1972; Bakker & Schroots, 1981) have utilized a battery of 
tasks to measure temporal order perception (TOP). A common 
characteristic of these tasks is that they require the 
recall of the order in which a series of items is presented 
temporally. These tasks have been manipulated along three 
dimensions: stimulus-type (letters, digits, colors, 
meaningful figures, words); presentation modality (haptic, 
auditory, visual) and interstimulus intervals( 75 msec to 
4000 msec.). A major conclusion of the studies conducted in 
this area is that better performance on TOP is related to 
higher reading achievement (Bakker, 1970, 1972; Bakker & 
Schroots; 1981). 
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However, the validity of temporal order perception as a 
variable which can account for performance differences 
between normal and disabled readers on span tasks is 
questionable, because TOP tasks seem to be measuring the 
same construct as span. For example, the relationship 
between temporal order perception and reading was 
investigated in a longitudinal study by Bakker and Schroots 
(1981). The TOP tasks, Knox Cubes, Wordspan, Picture 
Matching, and Sentence Imitation, were administered to 411 
nursery school children. Knox Cubes required the subjects to 
retap a series of cubes in an order demonstrated by the 
examiner. In the Wordspan task the subject was required to 
recall a series of nouns in the order spoken by the 
examiner. The Picture Matching task required that the 
subject match the series of nouns presented on the Wordspan 
task to a list of pictures presented on a card. The matching 
was to be done in the order of presentation. In the Sentence 
Imitation task, a ten sentence story was read to the 
subject. Each sentence was then read separately and the 
subject was required to recall as many words as possible 
irrespective of order. Reading achievement was assessed 
fifteen months later when 311 of these children had 
completed first grade elementary school. The data obtained 
indicated that performance on TOP tasks was significantly 
related to reading achievement. These results were 
interpreted to suggest that poor temporal order perception 


was predictive of poor reading. 
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However, if one carefully analyses the performance 
requirements of these tasks, it would seem that these are 
similar to the requirements of the span task itself. Both 
TOP tasks and span require the recall of serial order 
information. It would therefore seem that the relationship 
obtained between TOP and reading achievement is not 
different from that between span and reading achievement. 
The contention that TOP is a component which is common to 
span and reading is thus dubious. 

Finally, these results seem to reinforce the need for 
an identification of those variables which may be common to 
TOP or span and reading since they suggest that serial 
recall is predictive of reading disability. The next three 
variables which will be discussed have also been considered 
to underlie span performance and to be important in 


predicting reading competence. 


The use of mnemonic strategies 

The efficiency with which mnemonic strategies are used 
to recall temporal order information has been hypothesized 
to account for performance differences between normal and 
disabled readers on span tasks (Dempster, 1981; Spring & 
Capps, 1974; Torgesen, 1978-79; Torgesen & Goldman, 1977). 
Thus the manner in which two mnemonic strategies, rehearsal 
(the iterative repetition of information so as to keep it 
active in memory) and chunking (the recoding of two or more 


discrete units into a single familiar unit), are used in the 
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recall situation by normal and disabled reading groups has 
been investigated. 

A major conclusion of the earlier studies done in this 
area is that rehearsal.is a factor contributing to 
performance differences between normal and disabled readers 
on span tasks (Dallago & Moely, 1980; Spring & Capps, 1974; 
Torgesen & Goldman, 1977). For example, Torgesen and Goldman 
(1977) examined the performance of normal and disabled Grade 
2 readers on a task which required the delayed recall (15 
second interval) of the order in which a series of pictures 
was pointed to by the examiner. Two conditions were used. In 
the baseline condition, a significant inter-group difference 
was found in performance and was attributed to the lower 
frequency with which the disabled readers used rehearsal as 
evidenced by lip movements and whispered words. In the 
support condition, both groups were induced to process 
information in a similar manner through the use of 
rehearsal. No differences were found in performance between 
groups on the same recall task. The results of this study 
were taken as support for the hypothesis that disabled 
readers are inefficient in using mnemonic strategies. 

Recent research on individual differences in memory 
span among normal adults, however, has provided evidence 
against the hypothesis that rehearsal and chunking are the 
primary sources of variation in span (Dempster, 1981; Lyon, 
1977). For example, Lyon (1977) manipulated the span task to 


eliminate rehearsal in order to examine whether individual 
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differences in performance on Digit Span amongst college 
students would disappear. This was achieved by speeding up 
the presentation rate of items. Lyon found that the 
elimination of rehearsal does not lead to the disappearance 
of individual differences on span. He concluded that 
rehearsal was not a primary source of individual differences 
on span. In the same experiment, subjects were also induced 
to use experimenter-imposed chunking and grouping to perform 
on the Digit Span task. It was found that the use of these 
strategies could not account for performance variation on 
the span task. Therefore, it was concluded that the use of 
mnemonic strategies could not account for individual 
differences in performance on Digit Span. 

More recent research focused on the issue of whether or 
not the differential use of the mnemonic strategies, 
rehearsal and chunking, can account for performance 
differences between normal and learning disabled groups on 
the span task is in agreement with this conclusion. For 
example, in a study by Torgesen and Houck (1980), the 
performance of three groups of subjects-- learning disabled 
children who performed within the average range on Digit 
Span; learning disabled subjects who performed below the the 
average range on Digit Span; and, a control group who 
performed within the average range on Digit Span-- was 
studied. It was found that a relative inefficiency in the 
use of rehearsal was characteristic of all disabled 


subjects, and was not specific to those who performed below 
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average on Digit-Span. Torgesen and Houck (1980) also found 
that patterns of performance of normal and disabled subjects 
did not differ when experimenter-imposed chunking was 
applied. These findings led Torgesen and Houck (1980) to 
conclude that the use of mnemonic strategies could not have 
been a primary source of performance differences between 
groups on Span. 

The evidence which will be reviewed next will show that 
differences between normal and disabled readers on the span 
task may be accounted for by item identification and item 
order, and, that these variables may be common to span and 


reading. 


Item identification 

It has also been proposed that the speed with which 
items are identified is a primary source of variation in 
span performance (Dempster, 1981; Huttenlocher & Burke, 
1976) and can account for some of the performance 
differences between normal and learning disabled groups on 
span tasks (Torgesen & Houck, 1980). This variable has been 
measured by the time taken to orally identify alist of 
items of the same stimulus category in studies of its 
relationship to span performance (Baddeley, Thomson & 
Buchanan, 1975; Nicolson, 1981; Torgesen & Houck, 1980). 

Torgesen and Houck (1980) made an attempt to relate 
item identification speed to span performance in normal and 


learning disabled groups in order to address the issue of 
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whether or not this variable is responsible for observed 
differences in performance on span between these groups. 
They found that digit identification speed accounted for 
approximately 25 percent of the variation on Digit Span in 
groups of normal BAe learning disabled and concluded that 
the speed of naming digits is a factor responsible for 
observed differences between these groups on the span task. 

This latter finding is in need of replication for four 
main reasons. Firstly, even though this result is consistent 
across three groups, the sample size of each group was small 
(n=8). Secondly, the groups were chosen to be discontinous 
on the Digit Span variable and this may have caused an 
inflation in the correlation coefficients obtained. The 
third reason is that digit naming speed has not always been 
found to distinguish between normal and disabled groups 
(Stanovich, 1981) and as such the relationship obtained 
between this variable and span performance may be restricted 
to the specific sample used. Finally, if item identification 
is common to span performance and reading achievement, this 
relationship needs to be replicated using word stimuli since 
the basis of reading disability is a difficulty in 
interpreting symbolic stimuli, specifically, words. 

Considerable evidence also exists to support the 
hypothesis that item identification is a factor responsible 
for a large proportion of the variation in span performance 
observed amongst normal populations of various ages 


(Baddeley, Thomson & Buchanan, 1975; Nicolson, 1981; 
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Standing, Bond, Smith & Isely, 1980). Baddeley et al. (1975) 
found that word identification speed accounted for 
approximately 25 percent of the variation in the span 
performance of a group of university students. It was also 
found in the same study (Baddeley et al., 1975) that span 
size (the longest list of words which an individual can 
immediately recall) can be predicted by the amount of words 
which can be named orally in approximately two seconds. This 
finding was replicated in a developmental study by Nicolson 
(1981), and across a variety of stimulus-types (words, 
binary and decimal digits, and letters) by Standing et al. 
(1980). In addition, Standing et al. (1980) found this 
relationship to be consistent when bilingual subjects were 
tested in their native or second language. 

From the above discussion, it can be contended that 
item identification is a most probable primary source of 
variation on span. A great deal of evidence also exists 
‘which demonstrates that disabled readers perform poorly 
relative to their normal peers on item identification and 
that item identification is related to reading achievement. 
Studies which have utilized the time taken to read a 
continuous list of items as an index of item identification 
have shown significant differences in the speed of naming 
words, digits, color patches, letters and pictures 
(Biemiller, 1977-78; Denckla & Rudel, 1976; Spring & Capps, 
1974). Other studies which have utilized vocalisation 


latencies or the time taken to identify a single item have 
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found that only word identification time differentiated good 
and poor readers (Perfetti, Finger & Hogaboam, 1978; 
Perfetti & Hogaboam, 1975; Stanovich, 1980, 1981). 

The manner in which slow word identification may affect 
reading achievement has been explored in the literature. 
Reading theorists (Laberge & Samuels, 1974; Lesgold & 
Perfetti, 1978; Rumelhart, 1977; Smith, 1978) generally 
agree that reading is a multicomponential process and that 
fluent reading can be accomplished only if some of these 
components are carried out at a very rapid rate. One 
commonality amongst these theories is that they all seem to 
agree that a rapid rate of recognizing words is important to 
fluent reading. For example, Smith (1978) has argued that 
slow word recognition speed puts a strain on short-term 
memory and this leads to words being read as isolated units. 

Alternatively, Lesgold and Perfetti (1978) have 
developed a limited-capacity model and have argued that a 
breakdown in comprehension will occur if words are not 
decoded at a rapid rate. It is proposed in this model that a 
limited amount of attention is available for the execution 
of the reading act. If a large amount of attention becomes 
allocated to the recognition of words, then little is left 
for other processes such as the integration of words into 
meaningful units. Thus when a reader is asked questions 
about the information contained in the text, he resorts to 


guessing and this results in poor reading achievement. 
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There is some evidence which relates slow word 
identification to poor comprehension ability. The time taken 
by third and fifth grade readers, skilled and less in 
reading comprhension, to identify single printed words was 
studied by Perfetti and Hogaboam (1975). Three categories of 
. words were used, psuedo-words, high-frequency words, and 
low-frequency words. The largest difference in performance 
between skilled and less skilled subjects at both grade 
levels was found for low-frequency words and the lowest for 
high-frequency words. This was interpreted to indicate the 
failure of poor readers to develop automatic word decoding 
skills as indexed by a fast rate of word identification. 

The failure to develop automatic decoding skills has 
been further attributed to slow word-code access, that is, 
slow speed of accessing codes which represent words in 
memory. Support for the hypothesis that slow access may be 
responsible for slow identification speed comes from the 
studies of Jackson (1980) and McClelland and Jackson (1978) 
who investigated the relationship between accessing letter 
codes from memory and reading ability. Memory access was 
measured by the time taken to decide whether familiar and 
unfamiliar objects, letters and characters belonged to the 
same category or not. It is assumed in these studies that 
memory codes exist for familiar objects and letters. Better 
readers were found to possess a speed advantage only in the 
categorisation of familiar objects and letters. This finding 


was interpreted to suggest that better readers were faster 
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at accessing memory codes, and, that slow accessing of 
memory codes may be a source of individual variation in 
reading performance. 

The major conclusion of the studies cited above is that 
word identification is related to span and to reading 
achievement. However, this variable has been found to 
account for only 25 percent of the variance on word span 
(Baddeley et al., 1975) and on digit span (Torgesen & Houck, 
1980). The question therefore arises as to what other 
variable(s) may account for the remaining variation on span. 
Item order has been proposed as a possible component of span 


performance. This is discussed next. 


Item order 

Item order refers to the reproduction of the order in 
which a temporal sequence of items is presented. Measurement 
of this variable has been a critical issue since most 
methods used are generally flawed. The issue centres on 
experimentally separating the encoding of identity and of 
order. Most methods used involve presenting the subject with 
a list of items, and, after presentation, the subject is 
required to remember the order in which items are presented. 
This necessarily involves the encoding of the identity of 
the items so as to remember the order in which they are 
presented. Thus, in order to obtain a pure measure of order, 
experimenters generally utilize a series of items whose 


identity requirements are minimal. 
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For example, Corkin (1974) utilized an identical set of 
Knox cubes. Here, the experimenter tapped a set of cubes in 
a predetermined order and the subject’s task was to retap 
the cubes in the order of presentation. The problem with 
this version of item order is that the subject is required 
to encode temporal order from items in a fixed spatial 
order. As such there is a confounding of spatial and 
temporal orders in performance. Also, subjects generally 
utilize a counting strategy to remember order and as such, 
performance is dependent on the ability to count. 

Merkel and Hall (1982) and Cohen and Sandberg (1977) 
utilized other tasks to measure item order. Both groups of 
researchers used the Probed Serial Recall task in which the 
subject is presented with nine digits and, upon completion, 
he or she is required to recall either the first three, the 
middle three or the last three digits. They also used the 
Running Memory task in which the subject is presented a 
series of digits varying in length, this length being 
unknown to the subject. Upon completion the subject is asked 
to recall the last three digits in the series. Even though 
in these tasks an attempt has been made to minimize identity 
by using a set of highly familiar items, subjects are 
required to encode as well as retrieve the identity of items 
during recall. As such the identity requirements are still 
relatively high. Again, in the Probed Serial Recall task, 
because subjects do not Know which three digits they would 


have to recall, there is an element of surprise and subjects 
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may be using strategic behavior, such as grouping the digits 
in threes, in order to perform well. Also, since subjects 
are unaware of the length of the lists in the Running Memory 
task, they may be using strategies to ensure that they 
retain the last three digits at all points during the 
presentation of the series. Thus, both of these tasks may be 
confounded with the use of strategies. 

Perhaps the best method used to measure item order is 
the recognition method employed by Mason, Katz and Wicklund 
(1975) in their study of the relationship between item 
identity, item order and reading achievement. These 
investigators also utilized a fixed set of items (consonants 
and single digits) to minimize the identity requirements. In 
this experiment, subjects were presented a list of items. 
After presentation the subject was required to reconstruct 
the order of the items from an identical set of cards 
randomly placed in front of him/her. This method is superior 
to the other methods described because it does not require 
the retrieval of the identity of the items since subjects 
are given an identical set of items to arrange. A version of 
this method was used in this experiment. 

Item order has been proposed as a source of variation 
in span performance (Dempster, 1981; Huttenlocher & 

Burke, 1976; Torgesen & Houck, 1980). Even though this 
proposition has not been tested so far, it seems plausible 
from a logical point of view. A logical analysis of the 


performance requirements of the span task would indicate 
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that an individual must identify the items presented and 
retain the order in which they are presented so as to 
succeed on this task. Again, since item order and item 
identification can be distinguished experimentally (Healy, 
1974; Mason, Katz & Wicklund, 1975), the hypothesis that 
item order accounts for a proportion of the variation 
observed on span is a testable one. 

If item order accounts for variation in span 
performance, then this would imply that it may be a source 
of performance differences between normal and disabled 
readers on span. There is some evidence which is supportive 
of poor ability to order being implicated in reading 
disability. Studies which have generally used the 
reconstruction of the order of items to measure item order 
have consistently found significant differences in 
performance between good and poor readers (Corkin, 1974; 
Mason et al., 1975; Katz, Shankweiler & Liberman, 1981). For 
example, Mason et al. (1975) investigated the relationship 
between item identity, item order and reading achievement. 
Skilled sixth grade readers were much better at 
reconstructing the order of six and eight letter consonant 
strings and eight digit strings than their disabled peers. 
The skilled readers were also much better in identifying the 
items presented (item identity being scored by the recal] of 
items regardless of the order of presentation). It was also 
found that only item order related significantly to reading 


achievement. In another experiment Katz et al. (1981) 
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contrasted the performance of good and poor readers on an 
order recognition task using linguistic (pictures of 
familiar objects) and non-linguistic (doodle drawings) 
drawings as stimuli. It was indicated from the results that 
poor readers performed worse on the recognition of the order 
Of sa nguns taicrs tamuaa ; 

In other studies (Mason, 1975; Mason & Katz, 1976) the 
ordering ability of good and poor readers has been examined 
through the use of letter detection tasks. Two conditions 
were used. In the first condition, the performances of good 
and poor readers were compared on a task which required that 
subjects detect whether or not a target letter was embedded 
in a string of letters which did not conform to orthographic 
rules. For example, a y would appear in the medial position 
of a letter string. These two reading groups per formed 
equally well on these tasks. However, when the target 
letters were embedded in strings of letters which conformed 
to orthographic rules, the two reading groups per formed 
significantly different. That is, the good readers were only 
better when the letter strings conformed to spelling 
patterns. These results would suggest that poor readers fail 
to exploit orthographic information which included the 
detection or remembrance of ordered information. 

In addition, there is some indirect evidence from 
clinical work which would indicate that ordering may be 
implicated in reading disability. It has been observed 


clinically for quite some time now that there is a tendency 
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amongst some disabled readers to make reversal errors in 
reading (Orton, 1937). Lieberman, Shankweiler, Orlando, 
Harris and Bertie (1971) analysed the reading errors made by 
Grade 2 good and poor readers with respect to reversal 
errors in reading (b for d; saw for was). It was found in 
this study that these errors occurred significantly amongst 
poor readers and accounted for about 10 per cent of the 
total errors made. 

Studies of the role played by temporal-spatial 
integration in reading have generally demonstrated that poor 
readers may be insensitive to ordered information. Blank and 
Bridger (1966) and Blank, Weider and Bridger (1968) 
investigated whether tasks which require temporal-spatial 
integration in the same sensory modality were more difficult 
for disabled readers than their normal peers. They found 
that poor readers had difficulty in converting temporally 
distributed stimuli (dots presented sequentially) to 
spatially distributed stimuli (dots presented 
simultaneously) in the same sense modality. It was also 
found (Blank & Bridger, 1966; Blank et al., 1968) that poor 
readers experienced difficulty in the verbal reporting of 
temporally presented sequences of lights. 

It can be concluded from the above that item order is 
related to reading achievement (Mason et al., 1975). It has 
also been proposed from a logical analysis of the 
performance requirements on the span task that this variable 


may be a primary source of variation on the span task 
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(Dempster, 1981; Huttenlocher & Burke, 1976). It would 
therefore seem that item order is most probably a common 


component of both span and reading performance. 


Summary 

It can be contended from the research cited above that 
item identification and item order are two components which 
are most probably common to performance on both span and 
reading. It has been empirically demonstrated from some of 
the studies cited that item identification accounts for a 
significant proportion of the variation in span performance. 
Other studies have also shown that this variable is related 
to reading. Item order has been hypothesized to be a 
performance component on span and it has been demonstrated 
that this variable is related to reading achievement. That 
these two variables are common to both span and reading 
however, has not been demonstrated. This was addressed in 
the present research. 

The next chapter presents the problem and hypotheses of 


this study. 
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III. PROBLEM AND HYPOTHESES 


A. Statement Of The Problem 

The general problem of the research conducted was to 
determine the nature of the interrelationships amongst 
performance on tasks which measured the speed of item 
identification, the retention of item order, memory span and 
reading achievement. Two specific research questions were 
studied. These are: 

1. What is the relationship between the speed of item 
identification and the retention of item order on the 
one hand, and performance on memory span on the other? 

2. Does performance on tasks which measure the speed of 
item identification, the retention of item order and 
memory span relate to reading achievement in both normal 
and disabled reading groups? 

The research cited in the previous section indicated 
that the two variables, item identification speed and item 
order may be common to performance on span and reading 
achievement. In the present study, the relationships amongst 
performance on item order, on item identification, on span 
and on reading achievement were examined within groups of 
normal and disabled Grade 4 readers. This was done in order 
to establish whether or not performance on item order and on 
item identification is related to span performance and to 
reading achievement in each group. The patterns of 


correlations among these variables were compared across 
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groups in order to establish whether or not the two groups 
were performing on item order and item identification in a 
similar manner. 

Two exper iments were carried out. In Experiment 1, the 
two research questions were examined across two types of 
stimuli, words and digits. Because performance on item 
identification, on item order and on memory span for word 
stimuli required that all subjects were familiar with a list 
of ninety words, a Word Reading task was administered. Here, 
the subject’s task was to orally identify ninety words (each 
word on a separate card) correctly. A subject was eliminated 
from the study if he failed to identify a word correctly and 
did not spontaneously self-correct it. 

Item identification was defined by performance on a 
Naming Time task which required that the subject orally name 
three sheets of thirty items of the same stimulus-type 
(single digits; familiar words). The average time taken per 
sheet was used as an index of performance. 

Item Order was measured by having each subject 
reproduce the order in which a temporal sequence of items 
was visually presented at a fixed rate. Each subject was 
presented with a series of items (words, digits). 
Immediately after presentation, a set of identical items was 
placed in random order on a table in front of the subject. 
The subject’s task was to rearrange these items in the order 


of presentation. 


tee) = \% be ) a * 
t i i ’ 
seer wt any Fo. ie inp vr at vad id on it ai 
1 8 7 ce a _ 
a-al nei tacnt rrp rT) ve al Coe & 
Ae 
tiem 4eQnE nl. it Dae eet heen, ices vit 
fn VaR!) pres a By! sie i" iy, rit Ka 3 ity 4) i aq = i ‘ cana 
7 | ain LR sigtet ee 
i | 
r A n “i - f 2 ; { 3 . fy j bys) er 2 
tan .peterer SM hha Partie Toe - 7o it & , athigw va sue nH > 
75 j { ” j Aa Wal r } 2B ' ‘we i rae cdeae 
1 r io yi we » 
aT: Win: D et pis Lire ars © Tear ora)  & met 
y pe ad 4 ae a e; 
. Cet ; a AN ay a ; : , 
Ltr Sai MBAS 1il essths ten 
‘ : r 


Ne soa gin at eg - nen iad, es a) 2 eee bone 


’ ot 
134) 6). sad suds Ma “ns 


_ a» | vd € if jose tty i i’ ei} ik : 1 : 
ae RS Toe, 
eo? 7% Fe ASAoy 5254 : PRT OB ais hopraee ” 
; a4 “re ay 


y ial , ??) a pial : Ail i 
AS Pt hth : abou | afasy iia wetibla oft - ahh in 
; : oe w Ay 7 


aaweamelt: tgatinekt to isa & apap yl i ean, 

et | n a oe ae ; 
Moetdue aft 416 ire Ad ny fear. ts ay hekinies ingle oil east 

Sb 1G erlLh Ht. 2 matt Pay ages 4 4F 250 seat ec aL ae 


Vo can 


31 


Span performance was indexed by the Memory Span task. 
This task required the immediate recall of a series of items 
(words, digits) in the order in which the items were 
presented visually. 

Two measures of reading achievement were used. Schonell] 
Graded Reading Vocabulary test (Schonell, 1968) was used to 
measure word recognition skills. This task required the 
subject to read a graded word list until ten consecutive 
errors were made. The comprehension subtest of the Peabody 
Individual Achievement Test (Dunn & Markwardt, 1970) was 
used to index comprehension skills. In this task, the 
subject was required to read a sentence and upon completion 
to choose one out of four pictures which best described the 
sentence read. 

Experiment 2 essentially replicated Experiment 1 using 
only word stimuli. However, the presentation rate was varied 
from one word per second (Experiment 1) to one word every 
two seconds. The rate of presentation was slowed down since, 
based on the results of Experiment 1, it was suggested that 
the disabled group might not have been able to complete 
processing activities on the Memory Span and Item Order 
tasks when presentation rate was one word per second (See 


Discussion, Experiment 1). 
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B. Statement of Hypotheses 

It was expected that the reading disabled children when 
compared to average readers would demonstrate inferior 
performance on item order, memory span and item 
identification for both types of stimuli. Previous studies 
have shown that disabled readers perform poorly on item 
order (Mason, Katz & Wicklund, 1975); on memory span 
(Torgesen, 1978-1979) and on item identification (Stanovich, 
1982). However, in the present study, all three measures are 
included and both digits and words are used as stimuli for 
the same groups of subjects. 

It was predicted that performance on item order, item 
identification and memory span tasks would be higher for 
digits than for words for both groups of subjects. This was 
expected since the digit stimuli (single digits) used were 
easier than words. Also the set of digits (9 digits) used 
was much smaller than the set of words (90 highly familiar 
words) and as such the probability of guessing the correct 
answer was greater for digits than for words. 

It was hypothesized that the time taken for item 
identification would relate negatively to memory. span 
performance and to reading achievement (that is, the faster 
the speed of identifying items, the higher the score on 
memory span and on reading achievement) and that item order 
would relate positively to memory span and to reading 
achievement. This was expected to be consistent across 


groups and stimulus-types. The relationship between item 
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identification time and memory span as well as between item 
identification time and reading achievement was expected to 
be negative based on previous research (Nicolson, 1981; 
Stanovich, 1982; Torgesen & Houck, 1980). Item order has 
been hypothesized to relate to memory span (Dempster, 1981; 
Huttenlocher & Burke, 1976) and there was no reason to 
suppose that these variables would not be related in the 
present experiment. Mason et al. (1975) have also shown that 
this variable relates to reading achievement. However, it 
has not been shown that item order and item identification 
speed are components of span which relate to reading 
achievement. 

It was also assumed that item identification time and 
item order would be independent of each other across groups 
and stimulus-types. This assumption was based on the fact 
that the stimuli used were highly familiar and as such the 
identity requirements on the order task would be minimal. 

It was hypothesized that performance on item order and 
on item identification time would predict performance on 
memory span in each group for both types of stimuli. This 
was expected since these two variables were conceptualized 
as being components of span performance and as such they 
would account for a significant proportion of the variation 
on span. It has also been shown previously that item 
identification speed accounts for about 25 percent of the 
variation on span (Baddeley et al., 1975; Torgesen & Houck, 


1980). 
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Finally, it was expected that performance on item 
order, on item identification speed and on memory span would 
predict reading achievement within groups and across 
stimulus-types. It was reasoned that if the variables, item 
order and item identification are common to span and 
reading,. then they should account for a significant 
proportion of the variation on span. Again, if span and 
reading are related, then span performance should predict 
reading. It has been shown previously that span performance 
does relate to reading (Torgesen, 1978-1979). 

The hypotheses in Experiment 2 were essentially the 
Same as in Experiment 1 even though only word stimuli were 
used. It was also expected that performance on the item 
order and span tasks would be greater at the slower 
presentation rate (one card every two seconds) used in this 
experiment. 


The next chapter describes Experiment 1. 
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IV. EXPERIMENT 1 


A. Method 


Sub jects 

The characteristics of the two groups of subjects used 
are shown in Table 4.1. The normal reading group was 
comprised of forty Grade 4 children (27 boys, 13 girls) who 
read at their grade-appropriate level as defined by a sixty 
or more percentile rank on both the Decoding and 
Comprehension subtests of the Elementary Reading Test 
(Edmonton Public Schools, 1978) in the previous three years 
of school. These subjects also attained a non-verbal 
intelligence quotient within the average range on the 
Canadian Cognitive Abilities Test (Thorndike & Hagen, 1974). 

The reading disabled group included forty Grade 4 
children (27 boys, 13 girls) whose non-verbal intelligence 
quotient was within the average range on the Canadian 
Cognitive Abilities Test (Thorndike & Hagen, 1974). These 
subjects read below their grade-appropriate level as defined 
by a forty or less percentile rank on both the Decoding and 
Comprehension subtests of the Elementary Reading Test 
(Edmonton Public Schools, 1978) in the previous three years 
of school. This percentile range was chosen as indicative of 
reading disability since in some schools it was used as a 
criterion for resource room placement. In addition, the 


subjects in this group received additional instruction in 
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reading (resource room help) over the past three years. 
Children who had repeated a grade in school were not 
included in the sample. Also, children who had been enrolled 
in English as a Second Language classes, whose sole language 
of communicating at home was one other than English or who 
had speech problems were excluded from the sample. 

Before the final selection of subjects was completed, 
teachers were consulted as to whether any of the children 
were undergoing emotional stress of any sort. Only those 
children who had no emotional problems were selected for 


study. 


Tasks 

Six tasks were administered to subjects individually. 
These were: Schonell Graded Reading Vocabulary Test 
(Schonell); Comprehension subtest of the Peabody Individual 
Achievement Test (PIAT); Word Reading; Naming Time; Memory 
Span; and, Item Order. 

Schonell. The Schonell is a subtest of the Reading and 
Spelling Tests (Schonell, 1968). It measures an individual’s 
ability to orally read single words. It was chosen here 
because it is quick to administer (10-15 minutes) and a wide 
ability range on word recognition (reading age of 5 to 15 
years) can be measured with the same instrument. In this 
task the subject was required to read a graded word list 
until ten consecutive errors were made. The number of words 


correctly read was used to calculate the subject’s reading 
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age. 

PIAT. The PIAT is the comprehension subtest of the 
Peabody Individual Achievement Test (Dunn & Markwardt, 

1970). It requires the individual to read a sentence and 
upon completion, to choose one out of four pictures which 
best describes the sentence read. This task was chosen here 
to index performance in reading comprehension because it is 
quick to administer (10-15 minutes) and a wide range of 
ability can be measured. 

The administration procedure was different to that 
described in the test manual (Dunn & Markwardt, 1970). All 
subjects began at the first item (item 19) and progressed 
until five errors were made in seven consecutive responses. 
This procedure was adopted because the Reading Recognition 
subtest (normally used as a starting point for administering 
PIAT) was not administered. The administration of the 
Reading Recognition test would have been redundant. 

The scoring procedure is identical to that described in 
the test manual (Dunn & Markwardt, 1970). 

Word Reading. The tasks, Naming Time for Words, Memory 
Span for Words and Item Order for Words (described below) 
required that every subject must be able to identify a list 
of ninety words. Word Reading was administered in order to 
ensure that all subjects fulfilled this requirement. 

Ninety words taken from the Dolch Basic 220 Word List, 
pre-primer and primer levels, (Dolch, 1942) were printed in 
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the Michigan Terminal System. Each word appeared in the 
centre of a 5-1/2 cm by 10 cm card. 

The ninety word cards were shown individually in random 
order. Each subject was asked to read each word out loud. 
The criterion for passing this test was the correct oral 
reading of all ninety words. If the subject misread a word 
without engaging in spontaneous self-correction, he or she 
was eliminated from further participation in the study. 
Appendix A provides a list of the words used and detailed 
instructions for administering this test. 

Naming Time. (10 minutes) This task measured the speed 
with which subjects are able to orally name items which are 
highly familiar to them. It has been used by various 
researchers to measure item identification (Baddeley et al., 
1975; Nicolson, 1981; Spring & Capps, 1974). 

Two types of stimuli were used, words and digits. The 
word stimuli utilized were the same as in Word Reading. 
These words were classified according to their parts of 
speech (33 verbs, 16 adjectives, 13 prepositions, 3 
conjunctions, 9 adverbs, 13 pronouns and 3 exclamations). 
Three sheets of thirty words each were then prepared with 
the different parts of speech distributed evenly across 
sheets. The words on each sheet were arranged in such a 
manner that they did not conform to syntactical patterns of 
language. 

Each sheet contained six lines of five words each. The 


words were printed in SERIF.BOLD.12.FIXED.PORTRAIT.1 font by 
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the page printer of the Michigan Terminal System. 

The digit stimuli were single digits 1 through 9. Three 
sheets each containing thirty single digits were used. These 
digits were arranged in random order (six lines of five 
digits each) subject to the restriction that no two digits 
occurred in a forward or backward sequence (1 followed by 2 
or 2 followed by 1). Each digit-sheet was also printed in 
DERI FaBOLDsn 2. EAXEDARPORTRAIZ.. 1° fants 

The method of administration was the same for digit and 
word sheets in both groups with the exception that on the 
digit task the practice items were from the same subset of 
items used on the actual task. For words, a practice trial 
was first administered which consisted of asking each 
subject to orally read ten words not included in the three 
sheets. The three sheets were then administered in five 
differentworderns? (dp 2h osts) 2 dn25163513,15 23444685 236¢with 
eight subjects in each group being given each order. 
Subjects were asked to read each sheet out loud as quickly 
and as correctly as they could from left to right. Even 
though error rate was not recorded, subjects generally made 
few errors in reading words. This was expected since all. 
subjects could read words as determined from performance on 
the Word Reading task. 

The time taken to read each sheet was used as an index 
of performance. This was recorded to a hundredth of a second 
accuracy as measured manually by a stopwatch. Appendix B 


gives a detailed account of the method of administration and 
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copies of the sheets used in this task. 

Memory Span. (10 minutes) This task measured the 
ability to recall a list of items in the order in which they 
are presented. It has been used repeatedly to measure span 
performance (Torgesen, 1978-1979). 

Two types of stimuli were used, words and digits. The 
word stimuli were the same as those employed in the Word 
Reading Task. Word cards were also prepared as in the Word 
Reading task. Words were organized into lists varying in 
length from three to nine words. Four sets of words at each 
list length were used, the words in each list being arranged 
in such a manner that they did not conform to syntactical 
patterns of language. 

The digit stimuli were the same as in the Naming Time 
task. Digit cards were prepared in a similar manner to word 
cards except that each digit appeared in the centre of a 
5-1/2 cm by 5 cm card. Digits were organized into lists 
varying in length fromes to’9 digits. Four lJists“at each 
length were used. The digits were arranged in random order 
subject to the restriction that no two digits occurred in a 
forward or backward sequence (3,4 or 5,4). 

The method of administration and scoring procedures 
were the same for words and digits with the exception that 
on the digit task the practice items were from the same 
subset of items used on the actual task. Word cards were 
presented visually at a rate of one every second. This rate 


was chosen since it is the one most often used in the 
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standard administration of the span task (Dempster, 1981). 
Initially, a practice trial was administered. This comprised 
of a list length of two words, these words not being 
included in the ninety words described above. Each subject 
was instructed to verbally recall the words in the order 
presented. A record of each subject’s response was noted. 
The presentation of lists continued until a subject failed 
to correctly recall four lists of the same length. 

Two methods of scoring-- list and item-- were used. The 
list method is a more conservative method of scoring and 
credit was only given to whole lists of items correctly 
recalled. This was therefore indicative of the subject’s 
ability to recall lists of items. In the item method on the 
other hand, credit was given for complete sequences as wel] 
as for individual items recalled in the correct order. This 
score was representative of the subject’s ability to recall 
ordered information at the level of individual items. 

In the list method, a basal score of 2.00 was used and 
.25 points was awarded for each subsequent list correctly 
recalled. For example, if a subject correctly recalled four 
lists of three words and two lists of four words, he/she was 
awarded?a* tota l@scorevof! 3.50°(2.00) + 12008+ #50). mine the 
item method, the subject was awarded one point for each word 
correctly recalled in the order presented. A point was 
subtracted for each extra word added to the list since this 
was viewed as an error (the addition of irrelevant 


information). This method has been used by Torgesen and 
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Houck( 1980). 

Again, both serial and free recall scores were obtained 
for each subject. The serial recall list score measured the 
number of lists correctly recalled in the order in which the 
words were presented. The free recall list score measured 
the number of lists correctly recalled regardless of the 
order in which the words were presented. The serial recall] 
item score measured the number of items correctly recalled 
in the order in which they were presented. The free recall 
item score measured the number of items correctly recalled 
regardless of the order in which the words were presented. 

Appendix C presents the details of administration and 
scoring procedures as well as the word lists used. 

Item Order. (20 minutes) This task was used to measure 
the ability to reproduce the order in which a list of items 
is presented. It is different from the Memory Span task in 
that after presentation of items, the subject’s task is to 
reconstruct the order in which the items are shown from a 
set of identical items arranged randomly. This procedure has 
been used by Mason et al. (1975) and Katz et al. (1981) to 
measure item order. 

Two types of stimuli, words and digits, were used. The 
word stimuli were those employed in the Word Reading task. 
Word cards and word lists were prepared as in the Memory 
Span task except that two identical sets of cards at each 


list length were prepared. 
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The digit stimuli were single digits 1 through 9. Digit 
cards and digit lists were prepared as in the Memory Span 
task except that two identical sets of cards at each list 
length were prepared. 

The method of administration and scoring procedures 
were identical for word and digit stimuli with the exception 
that the practice items on the digit task were from the 
subset of items on the actual task. For word stimuli, each 
list was visually presented at a rate of one item per 
second. Subjects were instructed to silently read each word 
as it was presented. This was done in order to ensure that 
all children Knew what to do. After presentation, the 
subject was quickly shown an identical list of word cards 
arranged in random order on a table in front of him (her). 
The subject was instructed to arrange these cards in the 
order in which they were presented. A record of the 
sub ject’s response was noted. 

Initially, a practice trial of list length two was 
administered. These words were not included in the ninety 
words described above. After this, lists of lengths three to 
nine words were administered. Administration ceased when a 
subject failed to correctly arrange four lists of words of 
the same length. 

Both list and item scores were calculated. These were 
calculated in an identical manner to that described for 
serial recall scores in Memory Span task described above. 


Appendix D presents details of the method of administration, 
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scoring procedures and lists used. 


Procedure 

All testing was conducted in the schools and took place 
in any available quiet room. The Schonell was initially 
administered and each child was subsequently seen for two 
sessions in the same day (one in the morning and one in the 
afternoon. 

The order of administration of tasks was 
counterbalanced and the same order used for both groups as 


shown in Table 4.2. 


TABLE 4.2 
ORDER OF ADMINISTRATION OF TASKS 
FOR NORMAL AND DISABLED READERS 


NORMAL READERS DISABLED READERS 
Order Number Number 
of Tasks of Subjects of Subjects 
Sat 8 8 
Toile 8 8 
31412 8 8 
13824 8 8 
Drsi 8 8 


Naming Time for words and for digits was administered in 
both sessions while Item Order or Memory Span was 
administered in either session. Words and digits were also 
counterbalanced for the Naming Time, Item Order and Memory 


Span tasks. In the morning session if words were the stimuli 
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in the first task administered, then digits were 
administered first in the second task. This procedure was 
reversed in the afternoon. Finally, PIAT was administered in 
the same session as Memory Span so as to limit the time per 
session to thirty minutes. 

It was important that a non-threatening atmosphere be 
provided during testing since some subjects had previously 
experienced failure in learning to read. In order to create 
this atmosphere, the experimenter established rapport with 
the subjects. Subjects were told that the experimenter was 
studying how children learn to read. The subject's 
cooperation was then solicited. It was further emphasized 
that these were not tests in which one passed or fail. 
Rather, the subject was asked to do as much as he (she) 
could since this would greatly assist the experimenter in 


finding out how children learn to read. 


B. Results 

The results of Experiment 1 are presented in four 
parts. The mean performance on all tasks is compared across 
groups first. Next, a comparison of performance trends 
across stimuli on Naming Time, Item Order and Memory Span is 
presented. The relationships among performance on Memory 
Span, Item Order and Naming time are examined in the third 
part. The proportion of variation in span performance 


accounted for by performance on Naming Time and Item Order 
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is also dealt with here. Finally, the relationships among 
performance on Memory Span, on Item Order, on Naming Time 
and reading achievement are examined. 

Comparison across groups. It was predicted that the 
reading disabled group would demonstrate inferior 
performance on all five tasks. The means and standard 
deviations of performance on these tasks are presented in 
Table 4.3. As can be seen, the normal reading group 
demonstrated significantly higher performance on all tasks 
thereby confirming the predicted hypothesis. 

Comparison across stimuli. Tables 4.4, 4.5, and 4.6 
present the intercorrelations between performance on these 
tasks for digit and word stimuli in the reading disabled, 
normal and total (normal plus reading disabled) groups. It 
can be seen that performance on these tasks for word stimuli 
is significantly related (positively) to performance on 
digit stimuia. 

It was expected that the mean performance of each group 
on all tasks would be greater for digits than for words. As 
can be seen from Table 4.3 above, the mean performance on 
tasks for digit stimuli is greater than for word stimuli. 

Analyses were carried out to determine whether or not 
the differences obtained across stimuli reflected similar 
performance trends. Two 2 (groups) x 2 (stimulus-type) 
analyses of variance with repeated measures on stimulus-type 
were done using Memory Span, first with list and then with 


item scores. Significant main effects were obtained for 


: te 


ft 


Best? Fo. Soaronory ees asewhed: Bi eit Bn art 


wan 30 “enh atw ae baer ots on tin: bat ane ie = 


Gay) -sulom?}2 na eawahom bs TRaGe aero ae 
Atte nme tne taht nth) benys, ie ‘eee 


: : i iar 
HO ' ; -— 17 


——_— : | ry 


grees: sqhitanohteian aed ota are 
ent eriioat ried | mie iG mes netg Mi 


Of Pes tiegads AT a nde th Laat Dee say neil Ma 


125 hen song iG 90 vedi fi ny Aw 


cpanel ne 
ets TaAs batotieere sips en 
apaatet ar artercetels ‘aia aon »t 
tédabasia tire ankap ant dale ae pas rin 


CUE Teh Gal bee yo ape3 ny arly a ( Aige 


a.) cent! ey pardeehida! eri i 
A Ahne  AOk hae (ae Tt tine : 


haldséaidy Criteat ad the wm) y (1a 


? 


H 


atte. (Bot cg (or Leng, 3 is ca | 


a asartf pg 2am” ie a 


wortSeq. ar iy) dens viele 


sow. Ve ] ry nae 3 


% q f , 7 : 7 n 4 
H ie i8 


io das. 70 aig 6/T ot "ac." eet edt Seid De ai 
nroiw 36 yarn ene Hee oe oct “VC 
O aoe "OT I9@ eee Ar , ves ce ‘oy olden iat 
TMM 2: aa Het Moke Teal ap “thant ine 


"elite: oetoe!l %44o4 fined ie Srone ven ae 
Leayi aulienr tal Sx | anaes rT) Y pa panes 


09 Kirt atu atoW etch ae ra btn 


48 


evr SoGl x 
(We betes bee 
p dezdeup UL peqiuosep poyzew wey! ey} BHulsn peuoos , 
p deydeup UL peqruosep pouzyew 3St{ e4}y BHulsn peuoos , 


-dnou6 yoee uos OF = U “STON 
Se nev sn cs mn er ome rc 

2S} 161g 

xtO°TZ cGr CS G79 8 6ES 9b Gtr ly - YepuO ws} 

183 161q 

«LG Tt ECS70 OO’ t LELEO v66'€ - Jdepud we}T 

2SP4om 

**xOG € Gve'bt OS6°8E E86 ZI OOr 6% - depuO waz 

; SPUOM 

**x60°V BlLS’'O 8E6'E £790 BBE - Jveapud wezT 

28316ig - 

«bG'S Sch SP GLZ 6 GO6 ‘ZI OGZ ‘Or ueds Auowew 

rS}16iq - 

aC OC GGL°O LS ov 1LS°O ogs’€ ueds Auowsw 

2 SPyomM - 

xkET V LEG’ Et OS9' LE vpOL‘ OL GLO’ 97% ueds Auowew 

;SP4omM - 

*x*k60° OgGG’O PVE © t+9°O ELSE ueds Auowe;w 

**kLE OG 9% S ThE EL 99E°E vor Lt s}16iq - swt, Gurwen 

**kO9'L 990° LEE GH tres 666°17% Spyom - Swi, BHurwen 

+xGt 8 Lect 8G9'°¢ 809°0 GEG'E 1VId 

**«GO° OT 168°O COL FE GLZ°O Gris | L@UOYDS 
i 
i SF ae pt a pe ee ee eee EES 

a as W as W 
dnowud dnowd 
ONIavaad ONTavay ATaVIYVA 
TVWYON aalavsia 


Se a ur a ce 


S319VIYVA IWiINSWIYddX3 NO SNV3W dNnOYdd AO NOSTYVdWOS 
Ee'bv jlavl 


2 


+e, f fete! Wear 


nF ae 


ty 232 


~ 
a 


7 
= 


iif 


fire 


SIMLALeT Avéit 


Exes 


7 


49 


100° > d xxx 
p uweideyd UL peqruosep pouySw we}! Suzy Hursn pa}yndwod seuoos uo peseg 
p uaideyd UL peqtuosep pouySew 4St, Sy} Butrsn payndwod seuoos uo peseg 1 


a 


*** LOVI *A**BTEI KxXxELES” ***B80V9- ***6b GS ° ***QOLG” 2 (SP4oMm) 
ueds 
AUOwe 
**kKOILVO- *k*k*k6BEV9~ *k**kB 869° *k*kKLOELL *A*XKEVES ” **& *k GOSS * 1 (SP4OM) 
ueds 
Auousyw 
a ne EE EIEtEIEIEIEESIEIEEEIEEEEESSSSaEE ER 
gr og ee sa EnnE EET TUNIS ESE ES ESRC 
283161q 1S}!161q 28}3!61q 18} !161q 28}161q ;S}!61q 
ueds - ueds - ueds - ueds = sueds - ueds 
AUowew AJOWSW Auowean Auowaw AJOwsaIN Asousaw 
a) (py AOy ral oe ae a tay ah yi Ns eel Vind oc 1TVWAON Ges a2oeVeS ald ay IN at ter esi ra dnowud 


i 


NVdS GYOM GNV LIDSIG N3aMLAd SNOTLV13dd09 
vv Adave 


i 


7 ppeih uit 


Cesbife® od hth pues 


= du 
i 
-. 
1 & 
n 
: 
| : ’ 
r 
A Ly 
fs 
4 : 
: 


p= 


bs / 
-/ ee a Wwe 
2 we) ‘i 
3 af.” : vey 
X ’ ian i a i 
if ‘ 


Se Did. eH AEE 


yES: 


et 


mar parse BEL 


. Evere. 7 


ec, 


pea 


oe Cee 


ve 


ty 
“ert 
=. —a a > a — = 


e 
i 


Sats oo 
> 


4 


in 


coe 
Le 
<a it 
= - 


52 


> 
<— 


eG 
SOL! 


ae 


50 


100° > a xxx 

Oi > dm 

‘p ueideug ul peqtuosep pouzew ws}! a4} Bulrsn pa}ndwod sauoos uo peseg , 

‘p ueideug ul peqiuosep poyuzyew 3st, ey? Butsn payndwod seuoos uo peseg ; 
ES ee 


**k*xE668S 0 **k*XEGLG~O ***GGL9°O **x*xOTLI°O k*x*9G9V°O *x*xO6 CV O z SP4UOM 
Jepug weit 


k*k*kEC9EI° O k*KKTCLO O k*k*xLEOL’ O **k*kOGOL*O *k**LLOEG O k**xPGLD'O 1 SP4OM 
Jepug weit 


a EE 
Se ee SS 


zSLlISita Pte) zSLISId rSLISIG zSLISId pd EI ho) EtG 
djdayo Yjduo Y4iadwyo daduyo rapa eo {0) y4aguyo 
WALT WALT WALI WALT WILT WALI SHSVL 


dnowS Wiol SNIGV3Y IWWYON qgaiavsid SNIavad dnoud 
Fg Na gn 


yaqgYyoO dYyomM AGNV LISIG N34aML4aa SNOTLV14dd09 
Gv Alavi 


ee et ee Oe 2500 Sete Bot Tied Peas s S TAs 


= = a 


a = 3 — <e 2 Q be, gy : =" sire 4 e 
7 


< 
i 


= — — ~- 
—_ oe ee — — Soe — = 
= 4 ae 

- r+ - 

7 A 

ar 

= = 
Se: ‘ 
+. _ 
2 


51 


***kOBLL* O *x*x*x6GVL°O *** COOL’ O SspuomM 
>Oowl) BuLwen 


eee ee eee ee SE 
a re 


$}161qG S}161q s}!61qG 
7owLy, Burwen >ewi |, BHutwey >ewL| BulLwen sysel 


dnows Wildl ONIGVAYd IWWHYON qaa1aVSIdG SONIGVAd dnoado 


cee ee ee Ee 


Ga4dS DNIWVN GYOM GNV LISIG Na3dMLAd SNOTLV13edd09 
9°y 31gVi 


. 


oe : 7 a : = 7 - i ; : ; tage 2 > 
> gga of AM cha - al) 
a 7 - 7 - 7 — 7 : 7 a = 7 — 


pe! 


i ee ay eet 


SS 


52 


Groups ser wit) 28) tal bet52; pe< ta0iwcandoforhstimulus-types, 
Foti, 78) = 75.229, p< .01, on the Memory Span task using 
list scores. No significant interaction was found. Thus, 
even though performance means were different, the trends in 
performance variation did not change with stimulus-type. 
Similar results were obtained with item scores. 

Similar analyses of variance were done using list and 
item scores obtained on the Item Order task. For list 
scores, significant main effects were found for groups, F 
Che (78 ie= 1421 Seep Y Shin andaforystimulus-itypes; F (1, 783 
= 62.128, p < .01. No significant interaction was obtained 
indicating that performance patterns were the same across 
groups. Similar results were obtained when item scores were 
used. 

The trends in performance across stimuli were also 
examined on the Naming Time task. A 2 (groups) X 2 
(stimulus-type) analysis of variance with repeated measures 
on stimulus-type was done. Significant main effects were 
obtained «for «groups; cfen( 174789 '=5 1.0895 "p «&.0 1scand*for 
stiimali:y rl 9678) Pee SSSR erp Namo, TAcsignd fitcant groups Xx 
stimulus-type interaction was also obtained, F(1, 78) = 
28.018, p < .01. It would seem that. the groups are 
performing differently on the Naming Time task. The 
convergence of the means for digits and words on this task 
in the normal group would suggest that these subjects are 
naming words as rapidly as digits. The larger difference in 


mean performance obtained for the disabled group on these 
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tasks as well as the poorer performance of this group 
compared to their normal peers would indicate that the 
disabled readers are experiencing some difficulty in naming 
items, especially words. This difficulty in naming items 
experienced by the disabled group is a probable source of 
the significant interaction. 

Relationships between Naming Time, Item Order and 
Memory Span. It was predicted that performance on Naming 
Time and on Item Order would relate substantially to 
performance on Memory Span. Pearson Product Moment 
correlation coefficients computed for both groups are 
presented in Tables 4.7 and 4.8 with the ones relevant to 
the discussion being underlined. It can be seen from these 
tables that performance on Naming Time for Words is 
negatively related (p < .05) to Memory Span performance only 
in the disabled group and that Naming Time for Digits is not 
related to Memory Span performance in either group. The 
relationships predicted between performance on item 
identification and span are only supported by the marginal 
correlations obtained between Naming Time for Words and 
Memory Span for Words in the disabled group. This may have 
occurred as a result of the disabled group being too slow in 
identifying words within the presentation rate on the Memory 
Span task. 

It can also be seen from Tables 4.7 and 4.8 that 
performance on Item Order and Memory Span are significantly 


related (p < .01) and this relationship is consistent across 
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groups and stimuli. The positive correlation obtained would 
indicate that Memory Span performance varies directly with 
Item Order performance. This may be due to the fact that 
these two tasks have common elements. Both tasks required 
the identification of items as well as the retention of the 
order of the items. However, they differed in that the span 
task required the recall of items in the order in which they 
are presented, whereas the item order task required the 
reconstruction of the order of items. 

Two unexpected correlations were also obtained. As can 
be seen from Table 4.9, Naming Time for Words is 
significantly related to Item Order for Words in the 
disabled group. Also, performances on Naming Time for Digits 
and on Item Order are related in the normal group. The 
reasons why these relationships might have occurred are 
presented in the discussion section. 

It was predicted that performance variation observed on 
Naming Time and on Item Order would explain a substantial 
proportion of the variation observed in Memory Span 
performance in each group. Multiple regression analysis was 
done using performance on Item Order and Naming Time as 
predictors. The regression procedure used was a forward 
inclusion one where the order of inclusion of the 
independent variables was determined by the respective 
contribution of each variable to the explained variance. 
That is, the first variable to be included is the one which 


accounts for the largest portion of the explained variance. 
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Only those variables whose contribution was greater than one 
hundredth percent of this variance were included. 

The results of this analysis are presented in Table 
4.10. It can be seen from this table that performance on 
Item Order accounted for a significant percentage of 
variation observed on span. This is consistent across groups 
and stimulus-type. The inclusion of Naming Time after the 
contribution due to Item Order is removed does not increase 
the variance substantially. It can also be seen in Table 
4.10 that Item Order for Words accounted for a much larger 
percentage of variance on Memory Span for Words in the 
disabled group than in the normal group. This may be 
attributed to the fact that Item Order for Words and Naming 
Time for Words are correlated in the disabled group (Table 
4.9) and as such the variance accounted for by Item Order 
may have included some of the variance accounted for by 
Naming Time in this group. 

A partial correlation analysis was done to determine 
whether or not the relationship between Naming Time for 
Words and Memory Span for Words was influenced by Item Order 
performance. As can be seen from Table 4.11, the significant 
correlation between performance on Naming Time for Words and 
Memory Span for Words disappeared when the influence of Item 
Order is removed in the disabled group. As will be discussed 
later, it seems there is a component of the Naming Time for 
Words task that is shared with the Item Order for Words task 


among disabled readers. 
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It was determined from another partial correlation 
analysis done that the relationship between Item Order and 
Memory Span was independent of the influence of Naming Time. 
The results are summarized in Table 4.12. The residual 
correlations obtained remain virtually unchanged from the 


correlation coefficients. 


Relationship between Naming Time, Memory Span, Item 
Order _and Reading Achievement. It was predicted that 


performance on Naming Time, on Item Order and on Memory Span 
would relate to reading achievement as measured by Schonel] 
and PIAT within each group of subjects. The results are 
summarized in Table 4.13. It can be seen from this table 
that performances on Naming Time for Words and for Digits 
are significantly correlated with Schonell performance in 
the disabled group. Item Order for Words is marginally 
correlated with Schonell performance in this group also. 
Again, performances on Memory Span for Words, Item Order for 
Words, Naming Time for Words and Item Order for Digits are 
related to PIAT performance in the disabled group. Finally, 
Memory Span for Words and Naming Time for Words are 
marginally related to Schonell performance in the normal 
group. 

A multiple regression analysis using a forward 
inclusion procedure was done to determine whether or not a 
significant proportion of the variance on Schonell and on 
PIAT could be accounted for by performance on Naming Time, 


on Item Order and on Memory Span. In this procedure the 
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order of inclusion of variables is determined by the 
respective contribution of each variable to the explained 
variance. That is, the variable whose contribution is 
largest is first included. Only those variables whose 
contribution is greater than one hundredth percent of the 
variance are included in the analysis. Only list scores are 
reported in Table 4.14 since it was found that the results 
were similar for both list and item scores. 

As can be seen from Table 4.14 both performance on 
Naming Time for Words and on Naming Time for Digits 
accounted for a significant proportion of the variation 
observed on Schonell performance in the disabled group. 
Performance on Item Order for Words accounted for a 
Significant proportion of the variation on PIAT also in this 
group. The variance contribution on PIAT accounted for by 
Naming Time for Words after Item Order was removed was also 
significant (7 percent) for this group even though this 
value was much smaller than that obtained between Naming 
Time and Schonell. This is probably due to the fact that 
Naming Time for Words is correlated with Item Order for 
Words and this may have resulted in a portion of the 
variance due to Naming Time being accounted for by Item 
Order since the latter was the first variable included in 
the analysis. 

Only Naming Time for Words accounted for a significant 
proportion of the variation on Schonell in the normal group. 


None of the other experimental variables accounted for a 
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substantial proportion of variation in performance on 


Schonell or PIAT in the normal group. 


C. Discussion 

The purpose of the present experiment was to 
investigate the those variables which are common to span and 
reading. The relationships between item identification 
speed, item order and memory span were predicted to be the 
same for disabled and normal readers even though it was 
expected that there would be quantitative differences, that 
is normal readers would demonstrate superior performance on 
these tasks. It was found that quantitative differences did 
exist between the two reading groups on digit tasks, however 
only item order was related to digit span in both groups. In 
contrast, both quantitative and qualitative differences 
existed between groups for word tasks. That is, overall, 
normal readers performed better than disabled readers on 
word tasks. However, item order and naming time were related 
to word span in the disabled group while only item order was 
related to word span in the normal group. 

The finding that word span is qualitatively different 
(i.e. is related to different component processes) for the 
two reading groups was unexpected. The source of this 
difference is word identification speed. The slow speed of 
word identification characteristic of the disabled reading 
group (Table 4.3) could have affected word span per formance 


at either of two levels, accuracy or speed. It can be 
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proposed that performance on word span could have been 
affected by slow speed at the level of accuracy, that is 
disabled subjects experienced difficulty in identifying 
words. However, this is highly unlikely since it was 
ascertained through performance on the Word Reading task 
that all subjects were accurate in pronouncing the words. 
Alternatively, word identification speed could have 
affected span performance at the proficiency level. That is, 
even though disabled subjects were accurate in identifying 
words, they were not fast enough in doing so to successfully 
perform on the span task. As such, one second between 
successive presentations of words may not have allowed 
sufficient time to identify words as well as retain word 
order on the span task. Such an explanation can account for 
the confounding of item order and item identification on the 
word span task in the disabled group (Table 4.11). On the 
other hand, this was not found for digit stimuli since it 
would seem that the disabled group was able to identify 
digits fast enough to perform successfully on the span task. 
A similar explanation is proposed to account for the 
unexpected relationship between word identification speed 
and word order among disabled readers (Table 4.9). 
Performance on the word order task required that subjects 
encode both identity and order so as to be able to 
reconstruct the order in which the words are presented. As 
in the span task, the one second interval between successive 


presentations of words on the order task may have been too 
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fast and as such sufficient time was not allowed for the 
disabled subjects to complete performance requirements of 
this task. Thus, the unexpected relationship between word 
order and word identification speed was obtained. 

Such an explanation cannot be proposed to account for 
the unexpected relationship between digit identification and 
digit order among normal readers (Table 4.9) since normal 
readers were identifying digits rapidly (Table 4.3). This 
relationship most probably represented the ordering strategy 
employed by normal subjects in reading the digit sheets of 
the Naming Time task. There was a tendency amongst normal 
subjects to read these sheets in an ordered manner, a line 
of digits followed by a pause. Some subjects also utilized a 
rhythmic strategy in reading similar to that used in Sesame 
Street productions. 

So far it has been argued that qualitative differences 
in word span between groups may have occurred because 
disabled readers were slow in identifying words and as such 
one second between successive presentations of words on the 
span task may not have been sufficient to carry out the 
performance requirements of the span task. The hypothesis 
can thus be proposed that if disabled readers were allowed 
more time between successive presentations of words on the 
span task, this extra time would allow subjects to 
compensate for slowness in identification and the 
qualitative difference on word span between the two groups 


would disappear. Alternatively, even if a slower 
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presentation rate was utilized on span, the qualitative 
difference would not disappear because the basic problem is 
in word identification speed and as such it is immaterial 
whether the presentation rate is fast or slow. 

A supplementary experiment, Experiment 2, was thus 


carried out which is described in the next chapter. 
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V. EXPERIMENT 2 

Based on the results of Experiment 1 it was determined 
that word span performance was qualitatively different for 
normal and disabled readers. This difference was attributed 
to a slowness in identifying words among disabled readers. 
It was reasoned that if the presentation rate of words on 
the span task was slowed down then the reading disabled may 
be able to compensate for their slowness and as such the 
qualitative difference between groups would be eliminated. 
However, even if more time was allowed, disabled readers 
still may not be able to overcome their basic difficulty in 
speed of identification and as such this difference would 
remain. 

It was also found in the previous experiment that word 
identification speed and word order, originally 
conceptualised as independent of each other, were related. 
This was also attributed to a slowness in word 
identification speed when presentation rate on the order 
task was one word per second. It was reasoned that this may 
have occurred because a one second interval between the 
successive presentations of words was not sufficient to 
allow performance requirements on this task to be 
successfully completed. Thus, if the disabled readers are 
given more time to complete these requirements, the 
relationship between word identification speed and word 


order may be eliminated. 
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A second experiment was thus conducted. Two questions 
were studied. The first question was whether or not the 
qualitative difference between the two reading groups on 
word span would disappear when the presentation rate was 
slowed down from one word per second to one word every two 
seconds. The second question was whether or not the 
relationship between word order and word identification 
speed would disappear when the presentation rate was slowed 
down from one word per second to one word per two seconds. 
The method, results and a discussion of the results are 


presented in this section. 


A. Method 


Sub jects 

In Experiment 2 the same groups of subjects were used 
as in Experment 1. Testing was done two weeks after 
Experiment 1 and a total of: three subjects were lost due to 
moving or illness. In Experiment 2, Group 1, the normal 
reading group, was comprised of thirty-eight subjects (27 
males, 11 females) and Group 2, the disabled reading group 
was comprised of thirty-nine subjects (26 males, 13 


females). 


Tasks 
The tasks used were Naming Time, Memory Span and Item 


Order for Words. The Naming Time task was identical to that 
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TABLE 3.1 
ORDER OF ADMINISTRATION OF TASKS 
FOR NORMAL AND DISABLED READING GROUPS 


NORMAL READERS DISABLED READERS 
Order - Number Number 
of Tasks of Subjects of Subjects 
123 8 8 
2453 8 8 
312 8 8 
32 ik 8 
234 i) q 
Note. 1 : Naming Time; 2: Memory Span; 3: Item Order 


used in Experiment 1. Both Memory Span and Item Order were 
also identical to those used in Experiment 1, with one 
exception. That is, in both cases, the word cards were 


presented at a rate of one card every two seconds. 


Procedure 

The procedure was essentially a repetition of 
Experiment 1. All tasks were individually administered to 
subjects in any available quiet room in the school. Testing 
was completed in a thirty-minute session . The order of 
administration of tasks was counterbalanced and the same 
order was used for both groups. Table 5.1 summarizes the 


order of administration of tasks. 
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B. Results 

The results of Experiment 2 are presented in four 
parts. Mean performances on the three tasks are compared 
across groups first. A comparison of performance trends on 
Item Order and Memory Span across presentation rates is 
discussed next. Thirdly, the interrelationships amongst 
performance on Item Order, on Naming Time and on Memory Span 
are dealt with. Finally, the relationships between reading 
achievement and performance on Item Order, Memory Span and 
Naming Time are examined. 

Comparison across groups. It was predicted that the 
disabled group would demonstrate inferior performance on 
Naming Time, Memory Span and Item Order tasks. The means, 
standard deviations and level of significance of differences 
between the means of performance on all tasks for the normal 
and disabled groups are presented in Table 5.2. It can be 
concluded from the significant differences shown in this 
table that the disabled group performed poorly on all tasks. 
The prediction was therefore confirmed. 

Comparison across presentation rates. It was expected 
that the mean performance of each group on Item Order and 
Memory Span tasks at a presentation rate of one word every 
two seconds would be greater than at a rate of one word 
every second. It was also predicted that trends in 
performance on the two tasks would be similar across 


presentation rates. 
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Data obtained from experiments 1 (one word every 
second) and 2 (one word every two seconds) were compared. By 
comparing the means of each group at these two presentation 
rates (Table 5.3) it can be seen that performance at the 
slower presentation rate was better than at the faster rate. 
Also, the increase in item order performance in Experiment 2 
for the disabled group was relatively greater than that of 
the normal group. This was not the case for span 
per formance. 

A 2 (groups) X 2 (presentation-rate) analysis of 
variance (ANOVA) with repeated measures on presentation rate 
was carried out to compare performance on Memory Span (list 
scores) across these rates. Significant main effects were 
obtaimpeca for reading groups, fF. (1, 759 = 16.935, p<. .01, 
and presentation rate, F.(1, 75) =°5.589, p < .01. No 
significant interaction effects were found, indicating that 
trends in performance were similar across the two rates of 
presentation. Similar results were obtained using item 
scores. 

A similar analysis was done to examine the effect of 
slow presentation rate on Item Order. First an ANOVA using 
list scores was carried out. Significant main effects were 
found for reading groups, F (1, 75))=2918.099% p <..01 and 
presentation rate, F (1, 75) = 79.018, p < .01 and, as with 
for the Memory Span task, no significant interaction effect 
was obtained. The prediction that trends in performance 


would be similar across presentation rates even though the 
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mean performance of each group on this task would be greater 
at the slower presentation rate was thus confirmed. Similar 
results were obtained using item scores. 

Relationship amongst Item Order, Naming Time and Memory 
span. It was hypothesized that significant correlations 
would be obtained between performance on Naming Time 
(negative), on Item Order (positive) and Memory Span. It was 
also expected that these variables would explain a 
substantial proportion of the variation observed on the span 
task. These hypotheses were tested using three types of 
analyses, Pearson Product Moment correlation coefficients, 
multiple regression analyses and partial correlations. 

The correlation coefficients computed are presented in 
Table 5.4 with the values from Experiment 1 shown in 
parentheses. It can be seen that performance on Item Order 
is significantly related to Memory Span performance in both 
groups. Naming Time performance is only significantly 
related (negative) to Memory Span performance in the 
disabled group. 

Multiple regression analysis using a forward inclusion 
procedure was done to determine whether or not a substantial 
proportion of the variation in span performance can be 
accounted for by performance on Naming Time and Item Order 
in each group. In this procedure, the order of inclusion of 
variables is determined by the respective contribution of 
each variable to the explained variance. Only those 


variables whose contribution is greater than one hundredth 
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percent or more of the variance are included in this 
analysis. 

The results of this analysis are summarized in Table 
5.5. It can be seen from Table 5.5 that Item Order accounted 
for the largest percentage of the variation observed on 
Memory Span for both groups. For the disabled group only, 
Naming Time accounted for a fairly large percentage of the 
variation observed in span (9% - 12%) after the contribution 
due to Item Order was removed. 

Partial correlation analysis was done to determine 
whether or not the relationship between Item Order and 
Memory Span was independent of Naming Time performance in 
both groups. The results are presented in Table 5.6 where it 
can be seen that the residual correlations between these two 
variables remain virtually unchanged from the Pearson 
Product Moment correlation coefficients. It can be therefore 
concluded that the relationship between span and order are 
independent of Naming Time. 

Another partial correlation analysis was done to 
determine whether the relationship between Naming Time and 
Memory Span was influenced by Item Order performance. These 
results are summarized in Table 5.7. It can be seen here 
that the residual correlation between performance on Naming 
Time and Memory Span in the disabled group was independent 
of Item Order performance. 

Finally, an examination of the Pearson Product Moment 


correlation coefficients obtained between performance on 
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TABLE 35.6 
CORRELATION COEFFICIENTS BETWEEN 
THE PERFORMANCE ON NAMING TIME AND ITEM ORDER 
FOR NORMAL AND DISABLED READING GROUPS 


GROUP DISABLED NORMAL 
Naming Naming 

Time Time 

Variable Words Words 


Item Order 
(Words) 1 =—OoO 722 OF O02 04 


Item Order 
(Words) 2 =e 0450 70135 


' based on scores computed using the list 

method described in Chapter 4 
2 based on scores computed using the item 

method described in Chapter 4 
Item Order and Naming Time would indicate the independence 
of these two variables (Table 5.8). These variables were 
found to be related in Experiment 1 where it was proposed 
that this relationship may be due to fast presentation rate. 
It would seem that this proposition was confirmed. 

Relationship between reading achievement and 

experimental variables. Two types of analyses were done to 
examine the relationship between reading achievement as 
measured by Schonell and PIAT and performance on Item Order, 
on Memory Span and on Naming Time. It was expected that 


performance on the three experimental variables would relate 
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to reading achievement within the two groups. The Pearson 
Product Moment correlation coefficients computed between 
these variables are summarized in Table 5.9. It can be seen 
from this table that performance on Naming Time is 
significantly related to reading achievement in the disabled 
group only. Performance on Memory Span is also marginally 
related to PIAT in this group. Again, performance on both 
Memory Span and Item Order are related to Schonell in the 
normal group. 

A multiple regression analysis using a forward 
inclusion solution was done to determine whether or not a 
substantial proportion of variation in performance on 
Schonell and on PIAT can be accounted for by performance on 
the three experimental variables. The order of inclusion of 
each variable was determined by its contribution to the 
explained variance. Only those independent variables which 
account for one hundredth percent or more variance were 
included in the analysis. 

As can be seen from Table 5.10, a large percentage of 
the variation in performance on Schonell and on PIAT can be 
accounted for by Naming Time performance in the disabled 
group only. In the normal group, performance on Memory Span 
accounted for a substantial proportion of the variation in 
Schonell] performance. Thus the predicted relationships were 


only partially supported. 
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C. Discussion 

The purpose of this experiment was twofold: (a) to 
determine whether or not the qualitative difference in word 
span performance between normal and disabled groups would 
disappear when the presentation rate of words on the span 
task was slowed down; and, (b) to determine whether the 
relationship between word identification speed and word 
order obtained for the disabled group in Experiment 1 would 
disappear if presentation rate of words on the order task 
was slowed down. The results are discussed below. 

The results of this experiment demonstrated that even 
though performance was higher for both groups when the 
presentation rate was slowed down, the components of 
performance on word span are still different for normal and 
disabled readers. However, slowing down of the presentation 
rate did allow the disabled subjects more time to meet the 
demands of the span task as can be seen from the increase in 
span performance (Table 5.3). Further, the independence of 
word identification speed and word order was obtained on the 
span task whereas in the previous experiment, performances 
on these variables was confounded. 

Again, it would seem that slowing down the presentation 
rate on the order task must have allowed the disabled 
readers more time to successfully complete all of the 
performance requirements on the order task. This can be seen 
in the relatively greater increase in performance on the 


word order task in Experiment 2 among disabled readers 
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(Table 5.3). 

Finally, the question may be asked if the differential 
use Of mnemonic strategies may have influenced span 
performance in Experiment 2 since slower presentation rate 
is conducive to the application of these strategies 
(Torgesen & Houck, 1980). However, the comparision of group 
performance at the two presentation rates demonstrated that 
even though performance was higher in the second experiment, 
the trends in variation were similar across groups and 
across presentation rates. Thus, if mnemonic strategies were 
applied this was done in a similar manner across groups. 

A general discussion of the results of the two 


experiments conducted is presented in the next chapter. 
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VI. GENERAL DISCUSSION 

The purpose of the present study was to investigate the 
components skills in memory span as they relate to each 
other and as they account for differences in reading 
achievement. Children with average skill in reading were 
compared with those with reading disability. The major 
results obtained were: (a) significant correlations between 
word identification speed and word span in the disabled 
group only; (b) significant correlations between both digit 
and word identification and Schonell performance in the 
disabled group only; (c) a significant correlation between 
word identification speed and PIAT performance in the 
disabled group; (d) the absence of significant correlations 
between item identification and memory span and reading 
achievement in the normal group; (e) significant 
correlations between item order and memory span amongst both 
normal and disabled readers; and, (f) a significant 
correlation between word order and Schonell performance for 
the normal group only. A general discussion of these 
findings is presented below. 

It can be concluded from the two experiments that the 
nature of word span performance is qualitatively different 
for normal and disabled readers. This difference involves 
the speed of word identification which is negatively related 
to word span performance in the disabled group only. This is 
most probably due to the use of different methods to 


identify words. It can be inferred from the mean 
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performances obtained on item identification (Naming Time 
scores, Table 4.3) that the two groups are using different 
methods to identify words. The convergence of the means for 
digit and word identification speeds in the normal group 
would imply that this group is processing words almost as 
fast as digits. This would suggest that there is a tendency 
amongst normal readers to use a whole-word method to 
identify words. On the other hand, the large differences 
between these means for the disabled group would suggest 
that these readers may not be using a whole-word approach. 
Rather, these subjects may be identifying words by analyzing 
their parts. 

That these two groups may be using different methods of 
attacking words during identification is supported by the 
work of Perfetti and Hogaboam (1975). These researchers 
investigated the relationship between single word decoding 
skills and comprehension among third and fifth grade 
students who were classified as high and low achievers in 
comprehension. Differences in the time taken to identify 
high frequency words were found between high and low 
achievers. It was reasoned that these differences reflected 
different methods of attacking words. That is, on the one 
hand, high achievers were using a whole-word approach to 
identify words. On the other hand, low achievers may attempt 
to use a whole-word approach and when this failed, they 


resorted to the analysis of parts of the word. 
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The utilisation of these two methods to identify words 
is not surprising when one takes into account instructional 
strategies. The approach commonly used to teach children to 
recognize the words used in this study is a visualisation 
one or the recognition of these words as wholes by sight 
(Hargis, 1982; Lerner, 1981). However, when children fail to 
successfully recognize these words by sight, alternative 
methods are taught such as the analysis of words at the 
level of letters or parts of words. These alternative 
methods are generally promoted in various kits which are 
used for supplementary instruction in reading (Hammill & 
Bartel, 1982). Thus, while normal subjects are successful in 
identifying words by visualisation, disabled subjects may be 
unsuccessful with this method of attack and as such resort 
to the use of other approaches which involve symbol-sound 
correspondences or phonological coding. 

That the use or non-use of phonological coding is 
involved in the qualitative difference in word span 
performance between the two groups is also supported by the 
working memory model (Baddeley & Hitch, 1974). Baddeley et 
al. (1975) provided evidence that phonological coding 
underlies the relationship between identification speed and 
span performance. In a series of experiments which involved 
the manipulation of various task parameters, Baddeley et al. 
investigated the factors which affected word span 
performance among university students. One manipulation 


involved the syllabic length of words (one to five 
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syllables) with recall of homogeneous lists of five words 
comprising span performance. It was found that span 
performance decreased with increasing syllabic length 
indicating the involvement of speech-like coding. In another 
manipulation, the effect of suppression (having subjects 
articulate a series of irrelevant items during span 
performance) on the visual and auditory span performances of 
university students was studied. Four conditions were used, 
auditory and visual control, and auditory and visual 
suppression. Words of two syllabic lengths (one and five) 
were used as stimuli. It was found that suppression 
decreased the performances of subjects on both auditory and 
visual span. However, the effect of word length on 
performance was only eliminated in the visual suppression 
condition. The elimination of the word length effect was 
taken by Baddeley et al. (1975) to mean that the 
articulation of irrelevant items suppressed the 
transformation of visually presented -information into 
speech-like form for storage in the phonemic buffer. By 
comparision, material was already presented in a speech- like 
form in the auditory condition and as such suppression had 
no effect on word length. 

If the involvement of phonological coding is basic to 
the relationship between word identification .speed and word 
span, then this is consistent with the relationship obtained 
between these two variables for the disabled group in the 


present study since it has been discussed above that these 
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subjects may have been using symbol-sound correspondences as 
a method of identifying words. The obtained relationship is 
consistent with the findings of other studies (Baddeley et 
al., 1975; Nicolson, 1981; Standing et al., 1980). These 
studies have demonstrated a relationship between word 
identification speed and word span across various groups: 
university students (Baddeley et al., 1975), community 
college students (Standing et al., 1980) and 8, 10, and 12 
year old pupils (Nicolson, 1980). 

The absence of relationships between word 
identification speed and word span for the normal group and 
between digit identification speed and digit span for both 
groups can be most probably attributed to the 
non-involvement of phonological coding since it was 
discussed that these items were being processed visually as 
wholes. However, the information processed cannot be stored 
in the phonemic buffer since it would have to be ina 
speech-like form. Thus the information will have to be 
stored in another buffer until recall, most probably a 
visual one. Baddeley and Hitch (1974) indicated the 
existence of such a buffer in working memory even though the 
evidence to support it was sparse. 

One of the limitations of the present study is that it 
is focused on speed and not on the component processes which 
may underlie speed. As such it is difficult to conclude what 
types of processes the two methods of identification may 


represent. Nevertheless, it can be inferred that these 
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methods may represent the use or non-use of automatic 
processing. It is proposed that there was a tendency amongst 
normal readers to identify items automatically, that is, 
they are identifying items without much conscious attention 
being directed to the type of item being identified. Such a 
proposition is based on the convergence of mean speeds for 
digit and word identification in this group (Table 4.3). 
However, this is not the case for the disabled group since 
the large differences between digit and word identification 
speeds would suggest that identification proceeds with the 
involvement of conscious attention. 

The proposition that these two approaches may represent 
automatic and non-automatic processing, and that 
non-automatic processing may involve phonological coding is 
supported by the findings of other studies (Denckla & Rudel, 
1974; Perfetti & Hogaboam, 1975; Rudel, Denckla & Broman, 
1978). For example, Denckla and Rudel (1974) studied the 
performance of three groups of subjects-- learning disabled 
dyslexic subjects; learning disabled non-dyslexic subjects; 
and, a normal control group-- on the Rapid Automatized 
Naming (RAN) battery of tasks. In this battery, the 
subject’s task is to orally identify sheets of fifty items 
(colors, pictured objects, upper- and lower-case letters and 
numbers). The time taken to identify each sheet of items is 
used as an index of performance. It was found that dyslexic 
subjects performed worst and normal controls best. Denckla 


and Rudel (1975) concluded that these differences may 
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represent a failure of disabled subjects to automatize. Ina 
subsequent study, Rudel et al. (1978) manipulated the RAN 
tasks in order to study the effect on performance of 
dyslexic and non-dyslexic children when the vocal response 
was eliminated from performance. The subject’s task was now 
to cross out a target symbol (letters, numbers, triads of 
numbers and of letters) every time it appeared amongst a 
sheet of 140 items. The time taken to complete each sheet 
was used as an index of performance. It was found that only 
performance on sheets which contained letter and number 
triads as the target was able to distinguish between the two 
groups. A comparision of the findings of these two studies 
led Rudel et al. to conclude that the failure to automatize 
may be related to the relationship between speech and 
reading. 

The use of automatic processing, that is the execution 
of an activity without any conscious direction being 
directed to it, has been linked to the notion of limited 
capacity (the availability of a fixed amount of attentional 
resources to perform on cognitive tasks) in current 
cognitive theories, particularly those that deal with skill 
acquisition (Neisser, Hirst & Spelke, 1981). For example, 
the notion that the speed of identifying words is crucial to 
successful performance in reading has been incorporated into 
current conceptualisations of how reading occurs (Gough, 
1972; Laberge & Samuels, 1974; Lesgold & Perfetti, 1978; 
Perfetti & Roth, 1981). It is generally agreed that fluent 
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reading requires the execution of many processes within a 
fixed amount of attentional resource. If less attention is 
directed to the execution of some of the lower-level 
component processes such as word recognition, then one can 
expect a greater allocation of attentional resources to 
higher level processes such as the integration of words into 
meaningful units in order to extract meaning. As such a fast 
rate of word identification or automatic identification may 
be crucial to successful performance on reading. The slow 
speed of item identification characteristic of the disabled 
readers in the present study may therefore be the Key to an 
understanding of the nature of reading disability. 

If automatic processing within the framework of limited 
capacity is crucial to successful performance on cognitive 
tasks, then in the context of the present study, the 
question arises as to how to critically assess these two 
concepts in regard to performance on the Memory Span task. 
One method commonly employed to measure automatic processing 
is that used by McClelland and Jackson (1978) and Jackson 
(1980) to study individual differences in reading 
achievement amongst college students classified as high and 
low achievers in reading. Here, automatic processing was 
measured by the time taken to decide whether familiar 
objects, letters, unfamiliar objects and characters were the 
same or not. It is assumed in these studies that there are 
codes for familiar objects and letters in long-term memory 


(representations of familiar symbols in long-term memory) 
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and that these codes are non-existent for unfamiliar objects 
and characters. These codes are formed after extensive 
exposure to the symbols they represent. Thus, if automatic 
processing is a factor contributing to individual 
differences in reading, only the time taken to decide 
whether familiar objects and letters are the same or not 
should differentiate between high and low reading achievers. 
This was found in these experiments and it was concluded 
that the use of automatic processing is a contributory 
factor to individual differences in reading achievement 
amongst college students. However, it would seem that this 
measure of automatic processing is somewhat superficial 
since one would assume that college students are automatic 
in accessing letter codes. 

Alternatively, one can probably view automatic 
processing in terms of the involvement of the central 
processor in information processing. If no attentional 
resource is directed to identification of words on the span 
task, then this would suggest that cognitive activity is 
non-mediated through the central processor. If the activity 
is non-mediated, then the individual must be unaware of its 
processing. One possible way to critically assess these two 
notions on the span task is to test awareness of processing 
activity. If a subject is aware of the activity then it 
would mean that attentional resources are directed to it and 
that capacity or central processing time is involved. Qn the 


other hand, non-awareness of activity would suggest 
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automatic processing and virtually no involvement of the 
central processor. This is suggested in the work of Hirst, 
Spelke, Reaves, Caharack and Neisser (1980) who devised 
simple tests (for example, recognition memory) to check 
whether subjects were aware of the material which was being 
processed automatically. One could consider incorporating 
such a test in the present study. 

The speed of item identification was also found to 
relate to reading achievement in the disabled group (Table 
5.9). There was virtually no such relationship between these 
two variables for the normal group (Table 5.9). It can be 
suggested from these results that identification or decoding 
speed predicts reading achievement in the disabled group and 
that reading achievement in this group is partially 
determined by what takes place at the level of the word. 
Such a conclusion is supported by the work of Shankwei ler 
and Lieberman (1972) who in a developmental study tested the 
assumption that beginning readers may encounter difficulty 
at the level of the word rather than at connected text. The 
subjects comprised of second, third and fourth grade average 
readers who were of average or above average intelligence. 
Subjects were required to read word lists and paragraphs. 
Performance on word lists was found to be strongly related 
to paragraph reading and this finding led the researchers to 
conclude that a slow rate of reading words may contribute to 


inaccuracy in reading connected text. 
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The failure to obtain a significant correlation between 
order and reading achievement for the disabled group may 
have occurred as a result of the task used to measure order 
(Table 5.9). Informal observations would suggest that this 
task may not have been a pure measure of order in the 
disabled group. These subjects were using strategies such as 
rehearsal as evidenced by lip movements and the encoding of 
the initial letter of the words in order to remember the 
order of presentation of items. This may have occurred 
because the information content of the items were too high. 
Thus subjects were required to encode identity as well as 
order and this may have caused them to resort to the use of 
various strategies to remember the order of items. As such, 
a satisfactory method of assessing memory for order should 
be devised. 

The development of a pure measure of order has been a 
critical problem in research in the area of order memory. 
The main problem centres around the development of a task 
which measures order without involving the encoding of 
identity. Various approaches have been used in other studies 
to solve this problem. Two of these approaches have been 
focused on minimizing the information content of stimuli on 
tasks which measure order so that identity requirements in 
performance are negligible. In the first approach, identical 
stimuli such as Knox cubes are used (Corkin, 1974). The 
cubes are placed in a left to right order on a table in 


front of the subject. The examiner taps the cubes in a 
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pre-determined sequence and upon completion, the subject is 
required to retap the cubes in the same order. This 
manipulation is however methodologically flawed since the 
measurement of temporal order is confounded with spatial 
order. That is, the subject is required to encode temporal 
order from stimuli placed in a fixed spatial order. Subjects 
also generally use counting as a strategy to encode the 
order of the stimuli. Performance on the Knox cubes is thus 
dependent on at least two factors. 

In the second approach, a fixed set of highly familiar 
items such as digits or consonants (Mason, Katz & Wicklund, 
1975) is used. It is assumed that the use of highly familiar 
items minimizes the identity requirements of the task. 
However, the encoding of identity is still required in this 
procedure. 

Cohen and his colleagues (Cohen & Gowen, 1978; Cohen & 
Sandberg, 1977, 1980) have used somewhat different measures 
’ of order memory. In the probed serial recall task, the 
subject is presented with a string of 9 digits and upon 
completion of presentation, he(she) is required to recall 
the first three digits (A digits), the middle three digits 
(B digits) or the final three digits (C digits) in the order 
of presentation. In the running memory task, the subject is 
provided with strings of digits varying in length. The 
subject, unaware of string length, is asked to repeat the 
last three digits in order. In these tasks, even though the 


identity requirements are minimized by the use of a fixed 
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set of highly familiar items (9 single digits), performance 
may be confounded with the use of strategies because of the 
element of surprise in these tasks. For example, in the 
running memory task, the subject is unaware of when the 
presentation of digits will be terminated and as such he may 
try to ensure that that at all points during presentation 
the last three digits are active in memory. The development 
of a pure measure of order is thus a critical problem in 
research on order memory. 

The relationship obtained between order memory and 
Schonell in Experiment 2 (Table 5.9) would suggest a link 
between the underlying processes in both tasks. This 
relationship would suggest that order and reading 
achievement are related at the level of the word. However, 
this finding must be interpreted with caution since it is 
not clear why order memory would relate to Schonell 
performance and not to PIAT. The question can be asked 
whether order is related to word recognition or to other 
behaviors associated with Schonell performance. The 
relationship between order and Schonell may have occurred as 
a result of directional constraints imposed on Schonell. 
Subjects are instructed to read the words from left to right 
on the Schonell test. It would therefore seem that the 
relationship between order and reading needs to be assessed 
in an appropriately designed experiment. 

Mann, Lieberman and Shankweiler (1980) proposed the use 


of the Token Test (De Renzi & Vignolo, 1962) as an 
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alternative to measure item order. This test has been used 
to measure impairment in receptive language comprehension in 
aphasics. Highly familiar stimuli (templates of circles and 
rectangles) are used and these are varied along the 
attributes of size and color. The subject is required to 
obey verbal commands of high information and increasing 
difficulty level. The commands are instructions which 
require the retention of ordered information so as to 
execute them correctly. For example, at the first level, the 
subject is only required to ’ touch the green circle’ while 
at the highest difficulty level, he is required to do the 
following ‘before touching the yellow circle, pick up the 
red rectangle’. One advantage of using this test is that the 
commands are verbal and as such it eliminates the problem of 
visually processing the identity of items and as such these 
requirements should be minimal for the disabled subjects. 
Thus it may be useful in studying item order. 

The major implication for practice which has arisen 
from this study is the necessity of training children to be 
both accurate and fast at recognizing words if successful 
achievement in reading is to be attained. Disabled readers 
in the present study were accurate in identifying words, 
however this was not enough to enable them to succeed on the 
span task. This suggestion is not novel. For example, Smith 
(1981) proposed that five elements should be incorporated in 
developing intervention strategies for learning disabled 


students. These are: acquisition, proficiency, maintenance, 
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generalization and adaptation. The first two elements refer 
to the development of both accuracy and speed. Both Smith 
(1981) and Singer (1982b) provide concrete suggestions as to 
how teachers may incorporate speed in the curriculum for 
learning and reading disabled pupils respectively. 

In summary, the present research was designed to 
address the issue of whether or not item identification 
speed and item order are components common to span and 
reading. The main conclusion of the present study is that 
the slow speed of item identification is common to 
performance on word span and reading achievement amongst 
disabled readers. It was suggested that the use or non-use 
of automatic processing may be central to understanding the 
issue Of whether or not differences in working memory can 
account for differences in reading achievement. However 
certain key questions should be answered in regard to the 
concepts of speed of encoding, automaticity and the 
necessity of accepting a limited capacity in information 
processing (Neisser et al., 1981). There is also the 
unresolved problem of measuring memory for order without the 
burden of identifying the items whose order is to be 
recalled. The relative but separate contributions of item 
identification speed (naming time in the present study) and 
memory for order to individual differences in span have to 
be determined. It seems that only then can we begin to 
investigate into the connection, causal or otherwise, 
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span on the other. 
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APPENDIX A: Word Reading Task 


Exper imenter:: 
“I am going tao show you some cards with words on them. I 


want you to say the word printed on each card as quickly and 
as correctly as you can. 


Ready!... 


Turn the cards over. 


If a child misses a word, he is excluded from the sample. 
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Pre-Primer Pre-Primer 
a look 
and | make 
away me 

at my 
big not 
blue one 
can play 
come red 
down run 
find said 
for see 
funny the 

go three 
help to 
here two 

I up 

in we 

is where 
et yellow 


jump you 
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DOLCH BASIC WORDS (Continued) 


Primer Primer 
all yes 
am please 
are pretty 
ate ran 

be ride 
black saw 
brown say 
but she 
came so 
did soon 
do that 
eat there 
get they 
good this 
have tao 
he i under 
into want 
like was 
must wel] 
new went 
no what 
now white 
on who 
our will 


out with 
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APPENDIX B: Naming Time 


Naming Time for Words 

Instructions: 

1. Experimenter: "I am going to show you a sheet of words. 
I want you to read these words from left to right as 
quickly and as correctly as you can." 

First, we’ll do a practice. 


2. Have subject read the practice sheet and make sure he 
understands the instructions. 


3. Experimenter: "Now, I am going to time you. Ready!" 
Give subject the first sheet. 


Fe 
b. Start stopwatch when subject vocalizes the first 


word. 
c. Record the time taken to read each sheet. 
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eat 


went 


she 
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good 


where 


said 


will 


that 


help 
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too 


soon 


ran 


NOW 


want 


come 


into 
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three 
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get 
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who 


on 
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SO 


are 


ride 


run 


Saw 


did 


my 
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must 


there 
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please 


they 


black 
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find 


yes 


you 


go 


brown 


do 


we 


play 


for 


ate 


say 


and 


be 


here 


we | | 


away 


have 


what 


jump 


ye 1 low 


big 


funny 


he 


was 


under 
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Naming Time for Digits 


Instructions 

1. Experimenter: "I am going to show you a sheet of 
numbers. I want you to read these numbers from left to 
right as quickly and as correctly as you can. 
First, we’ll do a practice". 


2. Have the subject read the practice sheet and make sure 
he understands the instructions. 


3. Experimenter: "Now, I am going to time you. Ready!" 


Practice Sheet 
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APPENDIX C 


Memory Span 
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APPENDIX C: Word Span 
Instructions 


1. Experimenter: "I am going to show you some cards with a 
word printed on each. Read each silently as I show it to 
you. After I am finished, I want you to say the words in 
the same order as I showed them to you. 


Experimenter: First, we’ll do a practice." 
2. Do, pnactacewtraa |; 


a. Present words at a rate of one word per second. 

b. After presentation, have subject tell you the words 
in the order presented. 

Record the subject’s response. 

Make sure he understands the instructions, if not, 
do practice trial 2. 


ome) 


3. Do remainer of test. 


Experimenter: "The Jists will get longer as we go along. 
Ready!" 


4. Stop administering the test when child misses four 
consecutive responses of same length. 
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Name: 


Zar 


3a. 
3Cit 


Aa. 
Ac. 


Da. 


al eke 


6a. 
6c: 


eo 


(Nex 


8a. 


BCe 


Sa. 
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old,put 


he, under ,no 
three,at,can 


our , to, who, away 
one ,be, under , good 


blue,here,ride, 
are,well 
say, into,brown, 
is,have 


said,red,well, 
with,do,help 
there,am,black 
go,must ,my 


please,out, funny, 
white,did,me, 
said 

will, yellow,up, 
ran,she,not,saw 


big, Saw,now, 
pretty, run.,.no, 
ate,down 

he, away, and, yes 
can, see, funny, new 


she, three,what, 
all,play, too,was, 
came ,one, into, 
are,went,this,at, 
he,was 


Word Span 

2b. may, let 

3b. now,have,red 

3d. make, am,my 

4b. eat, black,say,my 

4d. get, too,where, this 

5b. jump,soon,new, 
they, yes 

S5dot for. Wook that, 
a,here 

Sb. find; but two, not 
went, yel low 

6d. on,come,the,all, 
Know , we 

7b. make,go,what, 
there, find,can, 
play 

7d. want,come,brown, 
in, for,so, they 

8b. he,away,and,yes 
can,see, 
funny , new 

8d. up,want,ran,white, 
blue,come, look, it 

Sb. eat,did, two,I1,now, 
the, jump ,make, we 

9d. good,where,get, 


be, you, down,red, 
to, three 
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Digit Span 
instructions 


Experimenter: "I am going to show you some cards with a 
number printed on each. Read each silently as I show it 
to you. After I am finished, I want you to say the 
numbers in the same order as I showed them to you. 


Experimenter: First, we’l] do a practice." 

Dov practsce trial. 

a. Present the digits at a rate of one per second. 

b. After presentation, have subject tell you the digits 
in the order presented. 

c. Make sure he understands the instructions, if not, 
do practice trial 2. 

Do remainder of the test. 


Experimenter: "The lists will get longer as we go along. 
Ready!" 


Stop administering the test when child misses four 
responses of the same length. 
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Digit Span 
Name: 
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Scoring Procedures 


Two methods of scoring were used. Each is described 
separately below. 


ie 


List Scores 


role 


Serial Recal] 

19 “Basal eve) = 2.00 

2) Each correct list in correct order = .25 

3) Total Score = 2.00 + x(.253 where x = number of 
correct lists recalled 


Free Recall] 


1) Basal Level = 2.00 

2) Each correct list regardless of order = .25 

3) Total Score = 2.00 + x(.25) where x = number of 
correct lists recalled regardless of order 


Item Scoring 


a. Serial Recall 
1) Number of items recalled in correct order = x 
2)” Scoré = x points 
b. Free Recall] 
1) Number of items recalled irregardless of order = 
% 
2\) “Score =" x=points 
Penalties 
a. Subtract one point for each extra item added 
Ir ep eae Oe, 250.0% 
Sub ject’s response: 7,3,4,6,2,9,6 
Score = 5 points 
b. This also includes repetition, of digits 


to eee aeoe auc 96" 
Subject’ s response: 7,3,4,3,4,2,9,6. 
Score = 4 points 
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APPENDIX D: Item Order 


Item Order for Words 


Instructions 


Experimenter: "I am going to show you some cards with a 
word printed on each. Read each silently as I show it to 
you. After I am finished, I am going to show you the 
same cards which are mixed up. I want you to put the 
words back in the same order in which I showed them to 
you. 


First, we’ll do a practice tria/." 


Do practice: trial. 


a. Experimenter: "First, I’1]1 show the cards to you. 
Read them silently." 

b. Show the cards at a rate of one per second. 

c. Experimenter: "Now, you give them back to me just as 
I showed them to you." 

d. Experimenter: "Is this how I showed them to you? 
Which was first? Which was last?" 

e. Record the child’s response. 

f. If child fails to understand the instructions, do 


traat-2- 
Do the remainder of the test. 


a. Experimenter: "The /ists will get longer as we go 
along. Ready!" 


Stop administering the test when child misses four 
consecutive responses of the same length. 
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Item Order for Words 


Name: 


2a. 


3a. 
BC. 


4a. 
se 
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at ee 


6a. 
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{ice 
7ce 
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ates 
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Know, after 


funny ,run,an 
ride,but,not 


pretty, jump,wil] 
are 
big,who, to, soon 


she,out,do, 
white, there 
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not ,up 


good ,have ,did 
my, look, want 
but, that ,new 
saw, yel low,one 


ate,we,you,here 
what ,well,our 
that ,no,come,help 
at,me, three 


was,eat, the, am 
run, this, you,so 
yellow,come,white, 
went ,me,what 

look, as 


on,under, it 
down ,well,not 
at,ride 
he,all,red,will 
where, yes, find, 
blue, jump 
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4d. 


pbk 


oc. 


6b. 
6d. 


TER. 
7d. 


8b. 
ede 


Sl eh 


Sar 


again, let 


up, yel low,we 


.went ,new, brown 


make, 1ike,blue, 
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but ,can, funny, 
into,down 
black,play,ride 
said,help 


say,and,have 
brown, too,under 
big,must, find 
eat,get,so 


I,on,went,all 
in,see,ran 
two,go,pretty,came 
be,red, for 


he, to,is,yes,soon 
see ,who, too 

make ,play,please, 
there, two, brown 
say,are ; 


into,away, for, 
want ,go,must 
funny ,good,black 
saw,please, three, 
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Item Order for Digits 


Instructions 


Experimenter: "I am going to show you some cards with a 
number printed on each. Read each silently as I show it 
to you. After I am finished I am going to show you the 
Same cards which are mixed up. I want you to give the 
numbers back to me in the same order in which I showed 
them to you. 


First, we’ll do a practice trial!" 


Do-.practice-«atraads 


a. Experimenter: "First, I’1] show the cards to you. 
Read them silently." 

b. Show the cards at a rate of one per second. 

c. Experimenter: "Now, give them back to me just as I 
showed them to you," 

d. Experimenter: "Is this how I showed them to you? 
Which was first? Which was last? 

e. Record the child’s response. 

f. If the child fails to understand the instructions, 


GoStria iS2s 
Do remainder of test. 
"The lists will get longer as we go along. Ready!" 


Stop administering the test when the child misses four 
consecutive responses of the same length. 
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Item Order 


Name: 


BU oh cn ES 


2a. 


BOO 
3C.. 654154 


3a. 
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Scoring Procedures 


Dest Scoring 


a. Basal Level = 2.00 

b. Each correct list reproduced = .25 

c. Total Score = 2.00 + x(.25) where x = number of 
correct lists reproduced 


6. Item Scoring 


a. Number of items reproduced in correct order = x 
Bb. 1Otal Score: = x points 
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